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ABSTRACT 
Abu Gharadig basin is a generally complex geological structure composed of pull-apart grabens. It was 
actively subsiding since the Paleozoic with a downwarp initiated since Carboniferous time and 
continued throughout the Jurassic and Cretaceous. The strongest downwarp was during the 
Maastrichtian when a thick Khoman section was deposited. To improve the understanding of the 
geodynamic evolution and the hydrocarbon potential of Abu Gharadig basin the aim of this work was 
to provide a better coverage of generation, migration, and accumulation of hydrocarbons and 
multivariable processes that occur during the long basin history by the application of Petroleum 
System Modeling. Applying basin modeling makes it possible to evaluate the four dimensional controls 
on source, reservoir and seal rock distribution, the master tectonic mechanisms, as well as source rock 
maturation, migration and trap formation. Petroleum potential therefore is influenced not only by the 
complex distribution of source, seal and reservoir rocks, but also by the effects of burial, uplift and 
erosion, which all undergo rapid variations in time and space.  
The integration of the well logging interpretation with the available geochemical data of the 
sedimentary units led to the construction of 1D and 2D basin models to evaluate the thermal history 
of the sedimentary sequence. With the results of the 1D basin modeling, a zone favorable for the 
generation of hydrocarbon from proposed source rocks was defined based on the deposition and the 
thickness of the overburden rocks and the timing of the generation and migration of the generated 
hydrocarbons. Additionally, 1D basin modeling was mainly applied for the estimation of the generated 
and expelled amounts of petroleum, while the reservoir characterization was done with a detailed 
interpretation of well logging data using software called “Interactive Petrophysics”. The evaluation of 
the results of vitrinite reflectance measurements for different wells in the basin was performed to 
obtain calibration data for 1D basin modeling. In this context, the influence of temperature on organic 
matter had to be evaluated. Maturity data also allowed calculating paleo-temperatures for the time of 
maximum burial or maximum temperatures. Thus, the amount of erosion was achieved. A heat flow 
history was assumed with high heat flows occurring during Late Jurassic-Early Cretaceous times in 
conjunction with the rifting taking place at this time. 
In all 1D models, the present-day heat flow is in accordance with temperature data and corrected 
bottom hole temperatures from wells investigated. Best accordance between measured and calculated 
present-day temperatures was achieved with present-day heat flows in the range of 43-49 mW/m2. 
Lowest present-day heat flow values were modeled for BED 3-3 well (due to rapid sedimentation or 
deep-seated basement) and highest values for well BED 2-1 well (the basement at shallower depth). 
The results of the 1D simulations show the differences in burial, thermal and maturity history for the 
principle tectonic events. 
Much of the oil generated by source rocks never reaches a reservoir. It remains disseminated 
throughout the source rock matrix, and is dispersed along secondary migration pathways. The small 
reserves are probably a reflection of limited trap volume as well as inefficient migration focusing. 
Small fields are presumably a result of post-charge tilting and spillage from once larger accumulations. 
The reservoirs based on well-calibrated 1D model experienced more than 80°C since Late Cretaceous 
time that retreated the biodegradation effect and suggests a thermodynamically stable crude oil 
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without any possibility to secondary cracking gas generation. There is no indication of bacterial 
degradation, as shown in the n-alkane distribution diagram and the thermal history of the reservoir 
intervals.  
The timing and location of the generation and expulsion of hydrocarbons was directly controlled by 
the resulting thermal history, while the subsequent migration and accumulation of hydrocarbons and 
mineral-bearing fluids was significantly influenced by the structural history. Differences in hydrocarbon 
phase (oil and gas accumulation) productivity in Cretaceous-reservoired petroleum systems of the Abu 
Gharadig Basin appear to be related to migration and entrapment style and post-charge destructive 
processes. Across-fault seals often limit trapping effectiveness, because of higher-amplitude structures 
and greater fault displacements with more frequent across-fault juxtaposition of reservoir against 
younger sands. 
However, geochemical and burial history considerations indicate that the oil and gas trapped must be 
migrated from the deeper kitchen in the Abu Gharadig Basin or resourced from a pre-Cretaceous 
mature source rock. Therefore, the different hydrocarbon phase distribution in the area is explained as 
result of recent charge or migration due to seal efficiency and fault juxtaposition. In addition, multi fill 
and spill suggested as well. 
Normally, more than one interpretation fits the observable data, each with different implications for 
petroleum plays. Although every attempt was made to minimize errors, it is perhaps inevitable that 
errors were made and not detected. In this regard, if the reader should detect such errors, the 
researcher would be greatly indebted if these brought to his attention, so that they may be 
subsequently corrected. Similarly, any suggestion in the type and mode of coverage of the materials 
would be greatly appreciated for future research. Suggestions and comments from those who might 
use this research for that purpose are certainly welcomed. 
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ZUSAMMENFASSUNG 
Die komplexe geologische Struktur des Abu Gharadig Beckens in Ägypten ist charakterisiert durch pull-
apart Gräben, die seit dem Paleozoikum eine aktive Subsidenz erfuhren. Die Absenkungen wurden im 
Karbon initiiert und setzten sich kontinuierlich während Jura und Kreide fort. Die Sedimentation der 
mächtigen Khoman Sequenz im Maastricht hatte die stärkste Absenkung zur Folge.  
Ziel dieser Studie war die Verbesserung der Kennnisse der geodynamischen Entwicklung und des 
Kohlenwasserstoffpotentials des Abu Gharadig Beckens. Zur besseren Erfassung der Genese, 
Migration und Akkumulation von Kohlenwasserstoffen erfolgte die Modellierung eines 
Petroleumsystems, unter Berücksichtigung multivariabler Prozesse während der langen 
Entwicklungsgeschichte des Beckens. Mit Hilfe der numerischen Beckensimulation konnten dabei die 
vierdimensionalen Kontrollfaktoren in Hinblick auf die Verbreitung von Mutter-, Reservoir- und 
Abdeckgestein, den haupttektonischen Mechanismen sowie der Mutter-gesteinsreife, Migration und 
Fallenstrukturen aufgezeigt werden. Das Petroleum Potential ist dabei nicht nur von der komplexen 
Verbreitung von Mutter-, Reservoir- und Abdeckgestein beeinflusst, sondern auch von Effekten wie 
Absenkung, Uplift und Erosion. Diese Effekte sind zeitlich und räumlich variabel. 
Die Korrelation von Log-Interpretationen mit vorhandenen geochemischen Daten der sedimentären 
Einheiten ließ eine Konstruktion von Beckenmodellen zu, die Hinweise auf die thermische Geschichte 
der Sedimentsequenzen lieferte. 
Mit den Ergebnissen der eindimensionalen Beckenmodellierung konnte eine, für die Genese von 
Kohlenwasserstoffen geeignete Muttergesteinszone definiert werden. Diese basiert auf den 
Ablagerungen und Mächtigkeiten der überlagernden Gesteine, ebenso wie auf dem Zeitpunkt der 
Genese und Migration der generierten Kohlenwasserstoffe. Darüber hinaus wurde das 1D Modell zur 
Bewertung der Freisetzung und Expulsion von Petroleum heran-gezogen. Die Charakterisierung des 
Reservoirs stammt aus detaillierten Log-Interpretationen, die mit dem Programm „Interactive 
Petrophysics“ (Schlumberger) erarbeitet wurden. 
Die Kalibration der 1D Modelle erfolgte anhand ausgewerteter Ergebnisse der Vitrinit-
reflexionsmessungen verschiedener Bohrungen. In diesem Zusammenhang erfolgte auch die 
Abschätzung des Einflusses der Temperatur auf organisches Material. Darüber hinaus ermöglichten die 
Reifedaten die Berechnung von Paläotemperaturen zum Zeitpunkt der maximalen Versenkung bzw. 
der maximalen Temperatur. An Hand dieser Daten wurde dann der entsprechende Erosionsbetrag 
ermittelt. Für das Zeitintervall Oberer Jura - Untere Kreide wurden hohe Wärmeflussbeträge 
angenommen, gekoppelt an die einsetzende Riftphase. 
Alle generierten 1D Modelle zeigen eine Übereinstimmung des rezenten Wärmeflusses mit den 
Temperaturdaten und den korrigierten Sohltemperaturen der untersuchten Bohrungen. Die beste 
Übereinstimmung zwischen berechneten und gemessenen rezenten Temperaturen ergab sich für 
einen aktuellen Wärmefluss zwischen 43-49mW/m2. Der niedrigste rezente Wärmefluss wurde für die 
Bohrung BED 3-3 (auf Grund rascher Sedimentation bzw. tiefliegendem Basement), der maximal 
anzunehmende rezente Wärmefluss für die Bohrung BED 2-1 (Basement liegt flacher) berechnet. Die 
Ergebnisse der 1D Simulation weisen Unterschiede in der Versenkungs-, Temperatur- und 
Reifungsgeschichte unter Einbezug der grundlegenden tektonischen Ereignisse auf. 
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Bei der Genese von Öl aus einem Muttergestein, erreicht dieses nicht immer ein Reservoir. Es kann 
innerhalb der Muttergesteinsmatrix erhalten bleiben und dispergiert letztendlich entlang sekundärer 
Migrationspfade. Den aufgezeigten Reservoiren kann mittels der 1D Becken-modellierung ein 
Temperaturbereich von mehr als 80°C seit der Späten Kreide zugeordnet werden. Biodegradation 
wurde durch diesen Temperaturbereich eingedämmt, wie aus dem n-Alkan-Verteilungsdiagramm 
sowie der Temperaturgeschichte der Reservoir-Intervalle ersichtlich.  
Zeitpunkt und Lokation der Genese und Expulsion der Kohlenwasserstoffe sind direkt an die 
Temperaturgeschichte des Beckens gekoppelt. Nachfolgende Migration und Akkumulation der 
Kohlenwasserstoffe sowie der mineralhaltigen Fluide war signifikant von der strukturellen Entwicklung 
beeinflusst. Unterschiede in den Kohlenwasserstoffproduktivitäten (Öl- oder Gasanreicherung) der 
kretazischen Reservoirsysteme des Abu Gharadig Beckens scheinen hinsichtlich der Migration, der 
Fallenstrukturen sowie destruktiver Prozesse nach der Ablagerung aufzutreten. Querstörungen dichten 
häufig die begrenzten Fallenstrukturen effektiv ab. Dies ist auf ihre weiträumigere Struktur und 
größere Störungsversätze zurückzuführen, die häufig nebeneinander auftauchen und die Reservoire 
gegen jüngere Sande abgrenzen.  
Die geochemische- und Versenkungshistorie legen nahe, dass das eingeschlossene Öl und Gas aus 
tieferen Küchen in das Abu Gharadig Beckens migrierte bzw. natürlichen Ressourcen prä-kretazischer 
reifer Muttergesteinen entstammt. Die unterschiedliche Kohlenwasserstoff-verteilung in diesem Gebiet 
kann als Folge rezenter Auflast bzw. Migration auf Grund von Abdichtungseffizienz und Verteilung von 
Störungen angesehen werden. Weiterhin werden Mehrfachfüllung und –überlauf angenommen.  
Es ist plausibel, das mehr als eine Interpretationsmöglichkeit die vorhandenen Daten existiert, mit 
verschiedenen Bedeutungen für die Petroleum Entwicklung. Hinsichtlich dessen war es Ziel dieser 
Studie, Fehler zu minimieren, obwohl Fehler nicht ausgeschlossen werden können und nahezu 
unumgänglich sind. Anregungen und Kommentare hinsichtlich dieser und eventuell folgender Studien 
sind willkommen. 
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1. INTRODUCTION 
1.1 GENERAL 
Western Desert comprises the area westwards from the Nile Valley and Delta. It covers a total surface 
area of about 681.000 km2, which is two-thirds of the total surface area of Egypt. It extends 1000 km, 
from the Mediterranean Sea coast to the Sudan border in the south, and 600 to 800 km from the Nile 
valley to the Libyan border in the west (Figure 1.1). The petroleum province of the Western Desert 
still has a significant hydrocarbon potential as recent oil and gas discoveries indicate. Results of new 
wells, combined with 3D seismic and additional geological interpretation, demonstrate that fields may 
be larger than previously thought. Hydrocarbon occurrence in Western Desert is closely linked with 
the tectono-stratigraphic history of the area, which has created multiple reservoir and seal 
combinations. Most fields are related to structures formed in Late Cretaceous-Eocene and are placed 
in, or at the edge of early depocentres that later became kitchen areas [Abu El Naga 1984]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  1.1: 2-Dimensional index map showing the location of the study area  (marked by the square) 
showing the spatial distribution of the main east-west sedimentary basin and major tectonics in the North 
Western Desert, Egypt, modified after [Bayoumi 1996]. 
 
1.2 EXPLORATION HISTORY 
The North Africa region is known in international geological circles for its Palaeozoic reservoirs and 
source rocks. The Palaeozoic contributes nearly half the oil (43%) and the vast majority (84%) of the 
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gas reserves of the region, with most of this petroleum originating from Silurian and Devonian source 
beds (Figure 1.2) [Macgregor 1998]. 
Petroleum exploration in North Africa began in the late nineteenth century with a focus on oil seeps 
associated with Tertiary measures in the Gulf of Suez-Red Sea region of Egypt. The first reported 
“commercial” oil discovery in North Africa was the Gemsa find in 1909 which is located in the southern 
Gulf of Suez coastal region of Egypt and which produced small quantities of oil from shallow Miocene 
reservoirs. After this discovery further exploration during this period in the Gulf of Suez region was 
only modestly successful [Traut et al. 1998]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  1.2: Composite petroleum system diagram for the North African provinces. The boxes are sized 
according to the relative importance of the various reservoirs, source rocks and events. It is possible to 
differentiate two main plate tectonic cycles, Cambrian to Carboniferous and Triassic to Recent, which are 
also reflected in cycles of petroleum generation, entrapment and destruction [Macgregor 1998]. 
 
Reservoirs occur in the Mesozoic, namely the Early Cretaceous Cenomanian clastic deposits, 
productive in Libya and Egypt, and the Late Cretaceous-Paleocene carbonates, productive in the 
Tethyan margin basins extending from Egypt to Tunisia. The clastic rocks, which seem to be sourced 
primarily from underlying syn- or post-rift sources, contribute 20% of North African oil and 6% of gas, 
whereas the carbonates contribute 36% of North African oil and 9% of gas [Macgregor 1998]. 
Interest in the Western Desert has had ups and downs, being largely limited to north of lat. 28° 30’ 
(180000 km2); even until a decade ago this region did not rate high with oil companies, efforts being 
directed to the more prospective Gulf of Suez Basins. After several years of unsuccessful drilling in the 
1970’s, a new exploration phase started in the 1980’s; 58% of the existing 475 exploration wells were 
drilled in the years 1982-92, and 25 new pools have been added to the eight pre-mid 1970’s small 
sized oil fields [EGPC 1992]. 
The exploration activity in the area of the Western Desert dates back to 1937. Three major 
international oil companies namely, South Mediterranean Oil Co. (CALTEX or SOMED), Anglo Egyptian 
Oil Co. (SHELL or AEO) and Standard Oil of Egypt (Standard Oil of NEW GERSY) acquired several 
RWTH-Aachen University⎪Introduction⎪2008 
Institute Of Geology And Geochemistry Of Petroleum And Coal⎪Exploration History⎪3 
concession areas along the Mediterranean coast and along the western edge of the Nile Valley.  The 
Anglo Egyptian Oil company drilled the first exploratory well in 1940 at El Dabaa between Burg El Arab 
and Mersa Matruh. This well showed oil and gas indications in the Eocene section [Abed El Semia 
2004]. In 1954, Sahara Petroleum Company conducted a limited seismic shooting in the Qattara 
Depression. The coverage area was spotty and the data generally poor but several leads turned up. 
Ghazalat-1 wildcat well (1957) was drilled in one of these leads. However, no hydrocarbons were 
detected. 
The first commercial discovery was achieved by the end of 1966. Philips Petroleum Company 
discovered the Alamein Oil Field in the northern part of the Western Desert, 35 km south of Alamein 
village. The Alamein-1 well was located on a large faulted anticlinal structure mapped by seismic data. 
On test, the well produced 8000 BOPD of 43.5° API at a depth of 2499m from Alamein dolomite [Abd 
El Aal 1988]. In 1966 the Western Desert Operating Petroleum Company (WEPCO) was established as 
the operating company for EGPC and Phillips Petroleum Company [Abed El Semia 2004]. Based on 
leads indicated by Sahara's seismic data, a detailed seismic program was carried out by WEPCO in 
1969 to determine if structures suitable for the accumulation of hydrocarbon could be defined. Then 
they drilled Ras Qattara-1 well (1970). The well was plugged and abandoned with gas shows from 
Apollonia and Abu Roash formations.  
The second commercial discovery achieved in the Western Desert was in the Abu Gharadig Basin in 
1969 by the Gulf of Suez Petroleum Company (GUPCO) in the Pan American (AMOCO) concession 
area. The field is located south of the eastern extension of the Qattara Depression. The Abu Gharadig-
1 Well was drilled to a depth of 4908m into the Early Cretaceous. The well completed in the gas 
bearing sand of Early Cenomanian Bahariya Formation. In 1971, the Gulf of Suez Petroleum Company 
(GUPCO) discovered oil in Turonian sand intervals of the Abu Roash “C”, “D” and “E” members in the 
Abu Gharadig Field. Since that time major oil companies such as SHELL, IEOC, BRASPETRO, 
CHEVRON, etc. were attracted to Abu Gharadig Basin and intensive seismic acquisition and drilling 
activities covered most of the basin area. This lead to several commercial discoveries in the Abu 
Gharadig Basin most of them after year 1980. The main discoveries were Badr El Din and Sitra Field 
by SHELL, GPT and GPY by General Petroleum Company and WD 33 & NEG Fields by GUPCO [Abed El 
Semia 2004]. 
In 1983, Shell Petroleum Company was active in exploring for hydrocarbons in the area north of the 
Western Desert, the area addressed in this research. They drilled both BED 7-1 and Sitra 2-1 but the 
drilling results indicated dry wells. In 1986, Shell International carried out a seismic shooting covering 
the present Badr El Din Field. Shell international succeeded to find an oil and gas accumulation called 
later Badr El Din field. BAPETCO (Badr El-Din Petroleum Company) is the joint venture company which 
was formed in 1983 to develop and operate Shell’s first discovery in the Badr El-Din field (BED-1 Filed) 
[El Tonbary 2006]. Further development of the BED concession led to two major gas discoveries at 
the BED 2 and BED 3 fields in the late 1980s and these Bed fields are now a major gas province 
[Duste 2006]. Shell was the first company to discover oil in the deeper Jurassic plays at around 4000 
meters in Abu Gharadig Basin and most recently, with the drilling of the well (BED 1-19) [El Tonbary 
2006].  
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In October 1997, Apache and Seagull announced a significant oil discovery with first estimates of 100 
million barrels in the East Beni Suef concession located in the Western Desert. Repsol is currently 
expanding its oil output in Egypt's Western Desert from 32,000 bbl/d in early 1997 to 60,000 bbl/d. 
Repsol is the operator in Khalda oilfield as a part of a venture with EGPC and Apache. 
A key success was the discovery of vast gas reserves in the Obaiyed field, in the Western Desert. Shell 
was also the first to discover gas in the Jurassic formation in the Obaiyed field in northern Egypt [El 
Tonbary 2006]. Obaiyed started production in 1999, which is the largest gas project in Egypt. Today, 
Shell operates a daily production of approximately 16,000 barrels of oil and some 320 million standard 
cubic feet of natural gas from the Badr El Din concession. Approximately 23,000 barrels of condensate 
and some 285 million standard cubic feet (MMSCF/D) of natural gas are derived from Obaiyed. 
It is worth to mention that all the discoveries mentioned above are located within the basin and at its 
southern margin (Sitra Platform) and none located in the northern margin (Qattara Ridge). In mid 
ninety, the IEOC achieved the first commercial discoveries on the Qattara Ridge, Raml and El Faras 
Fields. This lead to attention to the Qattara Ridge area and three more discoveries South Dabaa-1, 
South Dabaa-1 and South Dabaa-3 were achieved by the Tunisian Oil Company (HBSIE) [Abed El 
Semia 2004]. In 2001, SHELL achieved a first commercial discovery from the Jurassic in the Abu 
Gharadig Basin (JG). The well JG 1 tested around 4200 b/d oil of 36 API° from the Khatatba 
sandstones. This was followed by another Jurassic discovery by HBS in 2003, also in the Khatatba 
Formation [Abed El Semia 2004].  
In general, the Exploratory tests in the whole country of Egypt have resulted in the discovery of 30 
giant (>100 Million barrels oil equivalent MMBOE) oil and gas fields, seven of which were found in the 
Western Desert (Table 1.1) [Dolson et al. 2001].  
 
Table  1.1: Giant oil and gas fields of North Western Desert Egypt (>100 MMBOE) [Dolson et al. 2001]. 
Field Company Year MMBOE BSF Gas Discovery well Age Trap 
Obaiyed Obaiyed 1993 283-366 1700-2200 Obayid-3 Jurassic Structural 
Abu Gharadig GUPCO 1969 220 586 Abu Ghaardig-1 Cretaceous Structural 
Khalda WEPCO 1971 213 771 Khalda-1 Cretaceous Structural 
Shams REPSOL 1997 176-250 1000-1500 Shams-2X Jurassic Structural 
BED-3 SHELL 1983 153 847 BED 3-1 Cretaceous Structural 
BED-2 SHELL 1982 132 792.10 BED 2-1 Cretaceous Structural 
Kanayes IEOC 1992 100-116 600-700 Kanayis-5 Jurassic Structural 
 
1.3 AIM OF STUDY 
Although considerable work has been done to evaluate source rocks little is known, with respect to 
factors controlling the distribution of the different oil and gas fields at various stratigraphic levels of 
Abu Gharadig basin. An evaluation of organic source facies and an extensive basin modeling study 
was carried out to improve the understanding of the petroleum system of Abu Gharadig basin. 
Integrated 1D and 2D basin modeling was applied and led to a maturity model, using lithologic 
concepts, derived from well log analysis and available geochemical data. Generation of hydrocarbons 
from potential source rocks in the area, their expulsion, and migration were modeled as well. 
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The primary objectives of this research are: 
1. Quantify the processes of oil and gas generation, expulsion, and migration of the Abu Gharadig 
basin utilizing PetroMod software 
2. Give a proper appraisal of the geologic situation integrated with a comprehensive petroleum 
characterization model pointed to evaluate the petroleum system and hydrocarbon potential of 
Abu Gharadig Basin 
3. Evaluate the subsidence based on interpretation of available well data, in order to establish the 
tectonic evolution, sedimentary distribution and thermal history 
4. Recognize the geometrical evolution of the basin (sedimentation, tectonics and erosion); assess 
the thermal history of the source rock and the history of hydrocarbon (oil and gas) generation; 
and investigate the migration paths and hydrocarbon entrapment 
5. Explain patterns of success and failure across the region within the Mesozoic and Tertiary 
sections and contribute to the development of new exploration plays 
6. Investigate factors controlling the distribution of the different oil and gas fields at the same 
stratigraphic level. 
7. Determination of the oil-generation window is the objective of maturity analysis performed on 
possible source rocks. A second application is to decide whether oil will be stable in a given 
reservoir 
1.4 THESIS OVERVIEW 
The objective of this thesis was to evaluate the geodynamic evolution of Abu Gharadig basin and the 
petroleum habitat especially with respect to the Cretaceous sequence because of the availability of 
data. The effect of deep burial followed by uplift and erosion is investigated in more detail. The 
procedure to achieve the objectives carried out is as follows: at first, a detailed interpretation of the 
available well logging was done followed by the integration of the available geochemical data to 
obtain a reliable conceptual model for the basin modelling application. 
1.4.1 Chapter 2 
This chapter describes the general petroleum geology of Egypt with more detail given for the Western 
Desert province, especially the Abu Gharadig basin. All of the available information was later included 
in the numerical modelling to achieve a realistic temperature history for Abu Gharadig basin. 
1.4.2 Chapter 3 
Chapter 3 represents general aspects of petroleum geochemistry as well as the interpretation 
technique of well logging measurements explained in detail. Furthermore, the theoretical aspect of 
petroleum system modeling is described. 
1.4.3 Chapter 4 
Chapter 4 shows the model designed with the purpose of integrating the multi-phase tectonic history 
of Abu Gharadig Basin responsible for the development of the basin. Integrated 1D basin modeling 
was applied to evaluate the thermal history of the sedimentary sequence. The results of the 1D 
simulations show the differences in burial, thermal and maturity history for the principle tectonic 
events. Higher paleo-temperatures than present were necessary to model the observed maturities. In 
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addition, variable paleo-heat flow regimes appeared to apply in different parts of the study area with a 
rise in the surface heat flow in the last 8 million years. 
1.4.4 Chapter 5 
This chapter represents the outcome of 1D basin modeling and describes the thermal maturity of the 
Abu Roash “F” member. While the Abu Roash “F” member generated some gas (condensate) around 
the Late Cretaceous-Tertiary in BED concession, it was in the liquid generation stage in the SIT 
concession. The major expulsion of petroleum liquids occurred during Miocene and only a minor 
amount in the Mesozoic is indicated. Therefore, it is considered as an active “currently expelling” 
“effective source rock” that has already generated and expelled hydrocarbons.  
1.4.5 Chapter 6 
This chapter deals with the reservoir characterizations of the penetrated sequence. Based on well-
calibrated 1D model. The reservoir thermal history is discussed as well as biodegradation. The 
different hydrocarbon phase distribution in the area under investigation explained as result of recent 
charge or migration due to seal efficiency and fault juxtaposition. In addition, multi fill and spill is 
suggested as well.  
1.4.6 Chapter 7 
This chapter represents the outcome of thermal maturity and burial history modelling of the clastic 
source rock interval of Cretaceous age. The data include geochemical and interpreted petrophysical 
analysis implemented into the 1D modelling. Based on the obtained complex burial history of the 
study area the product of the 1D modelling was a detailed thermal history. Derivations of maturation 
and hydrocarbon expulsion are discussed for eight source rocks over the time obtained from paleo-
temperatures that occurred within the Abu Gharadig basin. The maturity of the organic rich interval 
varies from immature-mature with a different tendency to produce oil, gas by secondary cracking 
and/or dry gas, depending on the kerogen type and basin evolution.  
1.4.7 Chapter 8 
The last chapter summarizes all previous observations. Thereby the findings are finally described and 
discussed. Petroleum potential is influenced not only by the complex distribution of source, seal and 
reservoir rocks, but also by the effects of burial, uplift and erosion, which all undergo variations in 
time and space. Much of the oil generated by source rocks never reached a reservoir. It remains 
disseminated throughout the source rock matrix, or dispersed along secondary migration pathways. 
However, geochemical and burial history considerations indicate that the oil and gas trapped must 
have migrated from the deeper kitchen in the Abu Gharadig Basin or resourced from a pre-Cretaceous 
mature source rock. Therefore, the different hydrocarbon phase distribution in the area is explained as 
result of recent charge or migration due to seal efficiency and fault juxtaposition. In addition, multi fill 
and spill suggested as well.  
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2. GEOLOGY AND PETROLEUM GEOLOGY OF EGYPT 
2.1 GENERAL 
Egypt is situated at the Northeast corner of Africa between the Mediterranean and the Red Sea and its 
extensions, the Gulf of Suez and Aqaba; it is bordered by Libya to the west and by Sudan to the south 
(Figure 2.1). It has an area of 1001449 km2. Without the Nile Valley and Delta, Egypt is mainly a 
desert country. The 650 x 1000 km Western (or Libyan) Desert consists of flat plateaus with several S 
(South)-facing questas; sand dunes cover large parts near Libya. There are a number of topographic 
depressions occupied by oasis (Bahariya, Farafra, Kharga, Siwa, and those below sea level of Qattara, 
-137 m, and Fayoum, -45 m). East of the Nile River, the 250 km wide Eastern Desert is a series of 
stony plateaus, interrupted by the N-S Wadi Qena. The Red Sea and the Gulf of Suez are bordered by 
high mountains (in Sinai Jebel Catherine reaches 2637m). A NE-SW system of folded calcareous 
mountains characterizes the northern half of Sinai [Sestini 1995]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.1: Location map showing significant sedimentary basins in Egypt [Dolson et al. 2001].  
 
2.2 GEOLOGICAL OVERVIEW 
Egypt could be divided structurally into two main divisions: the ARABO-NUBIAN MASSIF and the so 
called, SHELF AREAS [Said 1962; Mohamoud 1984; Said 1990 c]. The Arabo-Nubian Massif is a stable 
tectonic unit consisting of the exposed basement rocks (Figure 2.1), in the Eastern Desert, the 
southern part of the Sinai Peninsula and isolated outcrops in southern Egypt [Said 1962; Mohamoud 
1984; Schlumberger 1984; Said 1990 c]. The Shelf area is subdivided into three units: the Stable 
Shelf, the unstable shelf and the Hinge zone and Miogeosynclin. The Stable Shelf is a belt extending 
from southern Egypt to a northern limit arriving as far as central Sinai. It is characterized by low 
structural relief and with thin sedimentary cover of fluvio-continental deposits mainly of Mesozoic age, 
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deformed by several sets of regional folds[Said 1962; Awad and Said 1963; Schlumberger 1984; Said 
1990 c]. The Unstable Shelf occupies almost all of the northern parts of Egypt, characterized by a 
northward thickening sedimentary section underlain by high basement relief due to block faulting. 
Moreover, it is characterized by surface tectonic features of lateral stresses due to different 
compressional episodes such as Syrian Arc folds in northern Sinai [Schlumberger 1984]. On the other 
hand, the Hinge Zone coincides nearly with the present Mediterranean coastal area separating the 
unstable shelf from the Miogeosynclinal basinal area. It causes a rapid, basin wards thickening of 
Oligocene to Pliocene sediments. Presently it is submerged and partially buried under thick Plio-
Pleistocene deposits in relation to the Nile Delta.  
On the other hand, Egypt can be subdivided into five major morpho-structural units (Figure 2.2): 1) 
the Mediterranean Fault Zone, 2) a belt of linear uplifts and half-grabens, 3) the North Sinai Fold Belt 
“Syrian Arc”, 4) the Suez and Red Sea Graben, and 5) the intra-cratonic basins of southern Egypt 
[Sestini 1995]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.2: Map of Egypt and southeast Mediterranean Sea showing main structural elements and 
sedimentary basins (modified after [Sestini 1995]). 
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Pre-Cambrian basement rocks outcrop in South Sinai, the Red Sea Mountains, at Aswan and near 
Sudan. The sedimentary section overlying the basement, 1-3 km in the South (Kharga Oasis), thickens 
northwards to 5-6.5 km near the Mediterranean, but with notable irregularities in the basinal areas 
(e.g. 10-13 km in Abu Gharadig Basin versus 3km on the Ras Qattara Ridge at its north margin). The 
distribution of sedimentary facies follows a simple north-south trend: sands increase in percentage 
and grade from shallow marine to predominantly continental (including coals) towards the south, 
whereas carbonate rocks are more common in the north, except in the stratigraphic intervals that 
correspond to southwards transgressions [Sestini 1995]. 
2.2.1 The Mediterranean fault zone 
It extends along all the Mediterranean margin of Egypt (Figure 2.2), where it downthrows Mesozoic-
Eocene carbonates by a few 1000m northwards. In the Nile Delta, it separates a South Delta Block 
(with 1000-1500m of post-Eocene clastics) from a subsiding North Delta Basin (with at least 4-6 km of 
Neogene sediments alone) [Sestini 1995]. It has been assumed, but not directly demonstrated, that 
the Mediterranean Fault Zone represents also a major facies boundary (a hinge zone) between 
platform and slope carbonates [Harms and Wray 1990]. 
2.2.2 Linear uplifts and half-grabens 
The dominant structural style of the Western Desert comprises two systems: a deeper series of low-
relief horst and graben belts, separated by master faults of large throw, and broad Late Tertiary folds 
at shallower depth. The major structural depressions are generally half-grabens that dip north (Figure 
2.3), but are themselves fragmented into a large number of smaller tilted blocks. A complex situation 
exists around the margins, within and north of the Abu Gharadiq Basin, where compression ridges, 
flower structures and reverse faults have been related to Late Cretaceous wrench faulting [Sultan and 
Abd El Halim 1988; Bayoumi and Lotfy 1989]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.3: Generalized structural cross section across the Western Desert Basin and southern Egyptian 
platform. The structure of the southern platform is weakly constrained and Palaeozoic sub-basins may 
underlie the Mesozoic [Boote et al. 1998]. 
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2.2.3 The North Sinai fold belt 
The main buried structural ridges of the Western Desert extend northeastwards to the Suez Canal-
Gulf of Suez region; further, North Sinai is characterized by several ENE-, NE-trending belts of right-
stepped en-echelon, doubly plunging surface folds, which expose Triassic to Eocene carbonate rocks. 
The fold belt terminates at a system of right-lateral wrench faults in central Sinai. The structural 
evolution of Sinai has been complex, most structures having formed from a mixture of compression 
(thin-skinned thrusting) and right-lateral shearing, superimposed on an earlier setting of extensional 
and/or strike-slip blocks [Abd El Aal et al. 1992; Moustafa and Khalil 1992]. 
2.2.4 The Suez and Red Sea graben 
The Gulf of Suez is a complex elongated rift-type graben of Neogene age that crosses diagonally the 
Mesozoic-Paleogene structures of northeast Egypt. The graben is constrained by major NNE-trending 
boundary “clysmic” faults and longitudinally segmented by two transform systems. The rift is not 
connected with the Mediterranean, but terminates north of Suez [Le Pichon and Cochran 1988].  
The structure of this northern portion has been considerably influenced by pre-Neogene Syrian Arc 
tectonics [Tawfik 1988]. The Gulf of Suez is sharply separated from the larger and deeper Red Sea rift 
by a NNE escarpment that continues SSW-wards the Pliocene Aqaba left-lateral transcurrent zone. In 
the Red Sea the pre-rift sequence is limited to the northern part and the coastal lands [Said 1990 d]. 
The structure is characterized by pre-Miocene and pre-evaporites tilted blocks, by evaporite-cored 
domes, and by shallow folded structures [Miller and Barakat 1988]. A series of linear sub-basins 
[Tawfik and Ayyad 1982] extends en-echelon in relation to NNE-trending lateral shears. 
2.2.5 Cratonic Egypt 
The geological setting of the region south of lat. 26°N is still broadly defined from the shape of gravity 
and aeromagnetic patterns and from exposures and scattered wells [Klitzsch 1986; Taha 1992]. The 
Misaha Graben contains 3.8 km of sediments [Wycisk 1987], the Kufra and Dakhla Basins respectively 
cover 3 and 2.5 km of Paleozoic, in the latter basin overlain by 500-1000m of Late Jurassic and 
Cretaceous rocks [Sestini 1995]. 
2.3 TECTONIC EVOLUTION OF THE NORTH AFRICA PLATFORM 
The North African Platform lies between the African Shield in the south, and the Atlassic Maghrebian 
fold belts and East Mediterranean Basin in the north. The underlying Precambrian basement evolved 
as part of Pangaea, formed from the collision and suturing of several cratons and intervening island 
arcs during the Pan-African orogeny. This subsequently evolved into a stable Gondwana and later 
Tethyan passive continental margin, interrupted by Hercynian deformation in the late Carboniferous, 
and rifting during the Mesozoic and Atlassic-Maghrebian orogenesis in mid-late Tertiary [Boote et al. 
1998]. Progressive collision with Laurussia commenced in late Devonian [Ziegler 1989 a] with mild 
uplift of positive areas in the platform interior. Late Carboniferous to early Permian rifting and crustal 
separation was the first step in the break-up of Pangaea with the opening of the Permo-Tethyan 
seaway and the East Mediterranean Basins [Stampfli et al. 1991].  
Uplift and erosional truncation of the deformed platform during late Carboniferous to early Permian 
was followed by a phase of rifting. A widespread Hercynian unconformity divides the sedimentary 
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cover into a lower Gondwana Super-Cycle of mildly deformed Palaeozoic clastic deposits and an upper 
Tethyan Super-Cycle of Mesozoic Tertiary clastic deposits, evaporites and carbonates [Boote et al. 
1998].  
The northern African Tethyan margin registered three major rifting episodes as follow:  
2.3.1 Late Carboniferous—Liassic rifting episodes 
The break-up of Gondwana occurred in the late Carboniferous [Lambiase 1989; Stampfli et al. 1991; 
Guiraud and Bellion 1995]. Along the northern African-Arabian plate margin rifting propagated 
westward during the Permian and Triassic from the northeastern Arabian margin to Morocco [Guiraud 
1998] during the Permian and Triassic, and was accompanied by Mid-Late Triassic-earliest Liassic 
extensive alkaline flow basalts. Along the northern African-Arabian margin, several rift basins were 
active during late Carboniferous or Permian-Triassic times, including the half-grabens of northern 
Egypt [Keeley 1994]. 
2.3.2 Late Jurassic-Early Cretaceous rifting episodes 
A second stage of rifting occurred in the Late Jurassic and continued into, or rejuvenated during, the 
Early Cretaceous. Along the east Mediterranean margin, some large E-W trending rifts formed, often 
with associated volcanism, e.g. Abu Gharadig [Guiraud 1998]. 
During the Late Jurassic a further stage of rifting or subsidence occurred [Guiraud 1998]. Rifting 
occurred in some small basins, such as northwestern Egypt [Guiraud 1998]. Within many basins, the 
Jurassic-Cretaceous transition exhibits hiatuses and unconformities in the series [Fourcade et al. 1993 
a; Fourcade et al. 1993 b]. These phenomena may be associated with the sharp drop in global sea 
level in the Late Tithonian [Guiraud 1998]. However, they are also locally associated with uplift, block 
tilting and sometimes slight folding caused by local transgression: a latest Jurassic tectonic event the 
(the ‘Cimmerian event’) is recognized in northern Egypt [Keeley and Wallis 1991].  
By the earliest Cretaceous a new stage of active rifting began along the northern African Arabian 
margin and within the intraplate domain [Guiraud and Maurin 1991; Guiraud and Maurin 1992]. 
Numerous rift-basins appeared, and some earlier rifts were reactivated. Along the Egyptian Libyan 
margin several E-W to ENE-WSW trending half-grabens showed strong subsidence during Neocomian-
Barremian times, notably the Abu Gharadig and Shushan in the northern Western Desert of Egypt 
[Bayoumi and Lotfy 1989; Taha 1992; Breman and Rinehart 1995]. 
A new rifting or subsidence episode occurred in the Early Aptian, as evidenced by the presence of an 
unconformity within many basins [Guiraud and Maurin 1991; Guiraud and Maurin 1992]. During this 
stage, the role of major NW-SE trending normal faults, often relayed by roughly E-W dextral strike-
slips, was significant. This resulted, in particular, in the northeastward displacement of the Arabian-
Nubian block [Guiraud and Maurin 1991; Guiraud and Maurin 1992].  
Finally, it should be noted that the initiation of this rifting stage corresponds precisely to the beginning 
of the “Cretaceous Normal Magnetic Quiet Zone”, and that the end of the CNMQZ corresponds to the 
initiation of basin inversion in Santonian times [Guiraud and Bosworth 1997]. 
2.3.3 Late Santonian basin inversion 
Intra-platform rifting was renewed in the Abu Gharadig Basin of Egypt and a phase of very rapid 
subsidence took place during the Senonian [Boote et al. 1998].  
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During the Early Senonian and more markedly in the Late Santonian, a compressional episode 
occurred, resulting in folding and inversion of many basins along the African-Arabian Tethyan margin 
as well as those within the Central African Rift System [Guiraud et al. 1987; Guiraud et al. 1992]. 
Along the northern African Arabian margin an initial episode of (slight) folding and basin inversion of 
the Syrian Arc sensu lato fold belt occurred during Santonian times, extending from the Palmyrides to 
northern Egypt and the Cyrenaica-NE Libya region [Röhlich 1991; Sehim 1993]. Most of these belts, 
trending approximately E-W to NE-SW [Moustafa and Khalil 1990; Moustafa et al. 1998], resulted from 
a NW-SE compression or dextral transpression during the Late Santonian. The latest Oligocene Syrian 
Arc movements heralded a new system of basin geometry and dynamics, that persists to the present 
day [Keeley and Massoud 1998]. The Santonian event resulted from onset of the collision between the 
African Arabian and Eurasian plates [Guiraud 1998]. The Syrian Arc event inverted many of the older 
rift structures and basins across northern Egypt [Dolson et al. 2001]. 
2.4 TECTONIC FRAMEWORK 
Egypt lies at the northeast corner of the African Plate. Sedimentary basins developed in the following 
sequence: 
a) Early Paleozoic (Caledonian): NNW-SSE trending basins, with marine transgressions in Cambro-
Ordovician, Silurian and Devonian. Mainly present in the western part of Egypt [Sestini 1995]. 
b) Carboniferous-Permian (Variscan-Hercynian): NE-trending basins over northern Egypt, as 
opposed to an emergent central-southern Egypt [Klitzsch 1986]. 
c) Triassic-Jurassic: Tethys-margin parallel basins due to a re-alignment of tectonic trends. A 
rifting period was structurally dominated by Jurassic NW-SE left-lateral oblique extension 
(Eurasia moving westwards relative to Africa), which produced ENE- to NE-trending normal 
faulting [Sestini 1995]. 
d) Late Jurassic-Early-Middle Cretaceous: a prism of prograding clastics and carbonates extends 
over the continental margin (northern basins) related to the South Tethys passive margin 
development [Sestini 1995]. 
e) Late Cretaceous and Eocene: marginal basins bound to north by an uplifted rim. In the period 
Turonian through Maastrichtian, structural development was dominated by right-lateral oblique- 
slip faulting induced by the westward movement of Africa relative to Europe. Tectonic activity 
strongly influenced sedimentation patterns [Moussa 1986; Sultan and Abd El Halim 1988; Said 
1990 a; Said 1990 e]. 
f) Oligocene to Pliocene: clastic basins (Nile Delta, Gulf of Suez) conditioned by E-W, NW-SE, 
NNE-SSW tensional and gravity faulting. The Miocene collapse of the Mediterranean margin was 
matched by the uplift of Sinai, Red Sea Hills, Western Desert [Sestini 1995]. 
2.5 HYDROCARBON PROVINCES 
Egypt is a medium-sized petroleum producer. The level of petroleum exploration activity in Egypt is 
high with an average (1990-92) of 52 wells a year, and a discovery rate of 30-35%, somewhat higher 
in the Gulf of Suez than in the Western Desert. In June 1993, oil production was about 882000 bopd 
(approx. 121 820 t/d), 80% of which from the Gulf of Suez province; that of condensate 30000 bopd 
(= 4790 m3), mainly from Nile Delta and Western Desert provinces (resp. 48 and 37%); gas output 
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was 29.7 mio. m3 per day, 55% of which from Nile Delta, 31% from Western Desert fields. There are 
about 54 producing fields in the Gulf of Suez, 50 oil and/or gas fields in the Western Desert, and two 
large gas fields in the Nile Delta (Figure 2.4). 
In 1992, the official proven recoverable reserves were estimated to be 856 mio. t of oil and 436 bill. 
m3 of gas. The Abu Qir and Abu Madi fields hold just under 28 bill. m3 of gas each [Sestini 1995]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.4: Map of petroliferous basins of Egypt showing oil and gas fields and discoveries in the Western 
Desert, the Nile Delta and Sinai. In the Gulf of Suez Rift oil fields producing > 5000 bopd (= 250000 t/y.) 
are indicated [Sestini 1995]. 
 
2.5.1 Gulf of Suez 
2.5.1.1 General overview 
The Gulf of Suez Basin (Figure 2.5) extends NNW of the Red Sea for 320 km and is 50-90 km wide 
between the Red Sea Hills and the mountains of Sinai (including the coastal plains, while the marine 
part is only 20-30 km wide). The basin covers an area of about 23 000 km2 [Sestini 1995]. Overall, 
the basin appears as a simple, narrow, elongated trough dominated by two almost symmetric 
shoulders. The internal structure, however, is typically asymmetrical and complex, because the 
interaction of a longitudinal NNW-SSE fault set with a transversal, mainly N-S and NNE-SSW set, has 
produced a zigzag fault pattern and innumerable rhombic-shaped tilted blocks [Schutz 1994]. The 
transverse faults display horizontal strike-slip components and act as relays between major normal 
faults [Sestini 1995].  
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Figure  2.5: Structural map of Gulf of Suez Rift with location of oil fields and main discoveries, Inset: 
location of sub basins (geology based on  [Colletta et al. 1988; Meshref 1990]. 
 
The Suez Rift is also divided into three sectors, of different dip regime, a northern sector with a mainly 
SW tilt, a central sector with NE tilt, a southern sector with SW tilt (Figure 2.5). They are separated by 
5-7 km wide shear zones “‘accommodation zones” of relatively flatter dips, where transform faults 
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may exist. The transverse zone between the N and central sectors do not cut through the entire rift; 
the change of dip is accompanied by a more complex structure involving both the major transverse 
faults and a horst-type twist zone [Colletta et al. 1988]. The minimum amount of extension ranges 
from 5 km in the north to 20 km in the south [Colletta et al. 1988]. 
2.5.1.2 Gulf of Suez rifting 
The opening of the Gulf of Suez began in the early Oligocene and culminated with the Red Sea 
breakup in the Serravalian stage of the Miocene. Biostratigraphic data [Patton et al. 1994; Krebs et al. 
1996; Wescott et al. 1998] indicate that extension began in the northern part of the Gulf of Suez and 
spread southward during the Miocene. Structural uplift across reactivated Syrian Arc structures had 
closed off the northern end of the Gulf of Suez [Dolson et al. 2001]. 
The Suez Rift is considered to have developed as an element of the two complementary shear 
fractures of Aqaba and Suez (respectively right-lateral and left-lateral) that resulted from Early 
Tertiary persistence of NW-SE compression [Meshref 1990]. Rifting of an incipient graben commenced 
in the latest Oligocene to Early Miocene (35-24 mio. y.), at the same time as early Red Sea rifting [Le 
Pichon and Cochran 1988]. Rapid tectonic subsidence in Middle Burdigalian-Langhian was followed by 
strong block faulting and uplift of rift shoulders, about 17-19 mio. y. ago [Evans 1988; Patton et al. 
1994]. Tectonic movements continued with intensity until post-Miocene times. In the period of Mio-
Pliocene boundary, there was a major uplift of the rift margins. Rifting has not been active since five 
mio. y. before present, and Pliocene-Pleistocene subsidence has been attributed to thermal 
adjustment [Sestini 1995]. 
2.5.1.3 Lithostratigraphy 
The Gulf of Suez Basin petroleum system has been strongly conditioned by Neogene tectonic and 
depositional processes. The extensional dissection of a laterally even Paleozoic-Eocene pre-rift section 
was followed by the filling of an unevenly subsiding rift, with a variety of alternating lithologies, and 
abrupt lateral facies and thickness changes due to block faulting. 
2.5.1.3.1 Pre-rift succession 
The pre-rift succession (Figure 2.6) is generally the same as that of northern Egypt up to the Eocene. 
It averages 1000-1200 m and comprises a lower predominantly sandy section “Nubia Complex” of 
Paleozoic to Early Cretaceous age, and an upper section of Cenomanian to Eocene carbonates 
(shallow marine limestones and dolomitic limestones) alternating with shales and sandstones (Raha, 
Abu Qada, Wata, Matulla Formations). In the subsurface the Nubia Complex is divided into Nubia A 
(Jurassic-Cretaceous), B (mainly Carboniferous black shales), and C (thick Cambrian and pre-
Carboniferous sandstones) [Sestini 1995]. 
2.5.1.3.2 Syn-rift succession 
In the Syn-rift sequence the Miocene sediments, on the average 2500 m thick (but up to 3650 m in 
the structural lows). They include two major lithological units: the lower, predominantly clastic 
Gharandal Group (subdivided into the Nukhul Formation, sandstones, shales, locally conglomerates, 
limestones, evaporites; and Rudeis Formation, mainly sandstone and shales), and the upper, 
evaporite rich Ras Malaab Group (esp. the South Gharib Formation, while the Zeit Formation is made 
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of anhydrite, shales, sands). The evaporites are more developed in the central-southern part of the 
rift, where they are over 2000 m thick at places [Sestini 1995]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.6: Lithostratigraphic column of Gulf of Suez showing petroleum source rocks (PSR), reservoirs 
(RSV) and seals. Reservoir age of main oil fields and major tectonic events are indicated [Sestini 1995]. 
 
2.5.1.4 Petroleum system 
The Gulf of Suez is the main oil province in Egypt with production ranking seventh among the world’s 
petroliferous rift basins [Clifford 1986]. This situation arises from the Early Miocene block 
fragmentation of the Paleozoic-Eocene pre-rift sequence, sedimentation of a thick Syn-rift series with 
excellent source, reservoir and sealing qualities, and by juxtaposition of source, seal, and reservoir 
rocks in structural traps [El Ayouty 1990]. There is a close and well-established relationship between 
tectonics and hydrocarbon potential in the Gulf of Suez. Maturation of the Late Cretaceous source rock 
was controlled by rapid subsidence of small half-grabens from Early Miocene times onward [Salah and 
Alsharhan 1996].  
The Red Sea has more than twice the areal extent of the Gulf of Suez, which has proven reserves in 
excess of 8.6 BBOE. The structural style and proven petroleum system of the Gulf of Suez should 
continue southward into the Red Sea, although the dominant petroleum product is likely to be gas 
[Dolson et al. 2001]. In addition, geochemical studies [Alsharhan and Salah 1997] show that common 
Miocene source rocks have charged reservoirs in the southern end of the Gulf of Suez and eastward in 
Midyan field of Saudi Arabia. 
2.5.1.4.1 Source rocks 
The thick Middle Miocene marls and shales of the basinal facies of the Rudeis and Kareem Formations 
used to be considered the exclusive source of the Gulf of Suez oils [El Ayouty 1990] with TOC of 0.7-
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1.25% [Elzarka and Younes 1987]. Excellent source-rock potential occurs, however, also in the 
Belayim Formation at the south end of Gulf of Suez, with TOC values ranging 1.5-5% [Barnard 1992]. 
However, Late Cretaceous to Eocene formations have also been found to be organic-rich [Rohrbach 
1981; Barakat 1982 b; Shahin and Shehab 1988; Barnard 1992; Shawky Abdine et al. 1992]. For 
example the Thebes Limestone, with ≥1.8-2 wt% TOC and type II kerogen; the Esna shale with 
0.85% TOC, type III kerogen; the Sudr Formation (1.5-3.0% TOC, type I-II kerogen); the Brown 
Limestone (over 3% TOC, with high hydrogen indices). In the southern Gulf and northern Red Sea 
Maastrichtian-Paleocene bituminous marls in the Dakhla Formation have 0.7-2.9% TOC [Ganz and et. 
al 1990]. The Early Cretaceous and Paleozoic shales have also source-rock potential, but they are 
mainly gas-prone [Sestini 1995]. 
Recent correlation studies have indicated that many oils are principally derived from carbonate source 
rocks, most likely from the Brown Limestone and the Thebes Formation [Ungerer and et al 1986; 
Chowdhary and Taha 1987; Mostafa et al. 1993], especially in the northern and central sectors of the 
Suez Rift. The Mid-Carboniferous shales of the Gulf of Suez experienced rapid subsidence and heating 
during Miocene rifting, and may well have made a contribution toward the charging of the many traps 
there [Keeley and Massoud 1998]. They are neither rich enough in organic matter, nor sufficiently 
deeply buried anywhere but in the very centre of the basin ever to have been active source rocks. 
2.5.1.4.2 Geothermal gradients 
Geothermal gradients in the Suez Rift generally range from 1.5 to 4°C/100m [Morgan et al. 1983], 
being higher in the troughs, and up to 3.8-4.7°C/100m in the southern Gulf of Suez and northern Red 
Sea. The oil generation window is at about 4500-5000m, the base at 5800-6000 m. Peak oil 
generation was attained 8-4 mio. y. ago, after the deposition of the evaporites [Shahin and Shehab 
1984; Barnard 1992; Shawky Abdine et al. 1992; Mostafa et al. 1993].  
Migration is considered to have been mainly vertical (up-dip and along fault planes) from the deep 
basins adjacent to the main highs (e.g. Ramadan, October, Ras Bakr, Ras Gharib, South Gharib fields) 
[Sestini 1995]. 
2.5.1.4.3 Reservoir rocks 
Oil has been found in fractured, weathered basement in several fields (e.g. Shoab Ali, South Geysum) 
and produced especially in the Zeit Bay field (6-16m granite wash with porosity, 8%, and K=0.1-10 
mD). The bulk of reserves are within the massive “Nubia” sandstones (esp. A and C units in 
Hurghada, Ras Gharib, Bakr, Amer, July, October fields) which have good porosity and permeability 
values (porosity=16-18%, K=100-250 mD). Quantitatively less important are the more lenticular 
Cenomanian-Turonian sands (porosity=13-18%, K=100-200 mD), which produce in the Belayim 
Marine, October, Bakr, Amer, Ras Gharib, Kareem, July and Ramadan fields [Sestini 1995]. 
Proven Syn-rift reservoirs occur in the Belayim and Rudeis Formations (sand pays with porosity ≤24% 
in the Morgan, Belayim Land and Marine, July, Shoab Ali and Zeit Bay fields), in some instances also in 
the early rift Nukhul clastics [Sestini 1995].  
Fractured and cavernous Late Cretaceous and Eocene limestones are oil-bearing in a number of fields 
throughout the gulf. In some cases, their porosity is enhanced by early rifling exposure and 
weathering. Proven Miocene carbonate reservoirs (dolomites and reefal limestone) occur within the 
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Kareem-Rudeis Formation; they have good quality, but distribution is patchy. Notable examples are 
the reef limestone over a basement horst in the Gemsa field and the “Nullipore” biostrome in the Ras 
Fanar field [Kulke 1982].  
The Miocene carbonate reservoirs of the Gulf of Suez have a pore system that has been modified by 
arid-climate, glacio-eustatic linked diagenesis [Buday 1980]. 
2.5.1.4.4 Seals 
The Miocene evaporites constitute the most effective seal in the Gulf of Suez, especially those of the 
South Gharib and Zeit Formation. Generally the sealing of the Miocene section is achieved by faults 
with 300-500m throw; throws of over 1200 m are required to bring the evaporites to seal the pre-
Miocene reservoirs [Sestini 1995]. Top seals are dominantly middle Miocene shales and evaporites of 
the Belayim and South Gharib Formations [Dolson et al. 2001]. 
2.5.1.4.5 Traps 
Most and the major oil fields are located in the central and southern sectors where the pre-rift pays 
are most prolific along the mid-rift ridge (Ramadan-Morgan-Amal).  
Trapping was maintained by the combined effect of structural, stratigraphic and lithological conditions. 
The Suez Rift fields are mainly structural traps: fault closures or flexures draped across fault-block 
boundaries, or a combination of the two [Meshref et al. 1988 b; El Ayouty 1990].  
The fields in pre-Miocene reservoirs tend to be pure structural traps (most prominent are Hurghada, 
Ras Gharib, Bakr, Kareem, Belayim Marine, Ramadan, Sidky, GS 391, October, Shoab Ali, Ras Budran, 
Asl, Sudr and Matarma). Closures are provided by the unconformity that truncates the rotated pre-
Miocene fault blocks, by faulting, and by fault-associated flexures [Sestini 1995]. 
Stratigraphic-structural combination traps are dominant in most of the Miocene pools. Stratigraphic 
trapping is caused by the lateral up-dip wedging out of sandstones in both up-thrown and 
downthrown fault blocks (esp. in the upper part of Ras Malaab Group), by several reefs located at the 
upper edges of fault blocks, and by Nukhul sandstones nested within the irregularities of the basal 
unconformity [Sestini 1995]. 
2.5.1.5 Oil and gas types 
Oils in the Gulf of Suez fields have a wide range of API values from very immature (12.8° API) to 
mature oil or condensate (44.6° API). Sulphur content varies between 0.3 and 5.3% [Rohrbach 1981].  
There are three different oil groups in the Gulf of Suez [Mostafa et al. 1993]: 
− In the onshore NE, fields of Asl, Sudr, and Ras Matarma (group 1) oils have 20-23°API, with 1.8-
2% sulphur, and have n-alkane distributions with pristane dominant over phytane. Derivation from 
the Cenomanian Raha Formation is considered likely. 
− In the central part of the Gulf (group 2), oil densities are 17-30° API in the East (Ras Budran, 
October, Abu Rudeis, Belayim, Wadi Feiran), and 20-24° API in the western onshore (Rahmi, Ras 
Amer, Ras Bakr, Ras Gharib, Umm el Yusr fields). The oils are non-biodegraded, with a high 
sulphur content (2.3-5.3%), a low to medium amount of saturates, predominance of low molecular 
weight n-alkanes, and a predominance of phytane over pristine. 
− Group 3 includes several fields in the southern sector (Ramadan, July, Morgan, Ras Shukheir, Zeit 
Bay, Shoab Ali, Ashrafi, Sidky etc.). Their oils are medium-light (32-40° API) with a low to medium 
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sulphur content (<2%), a higher saturates content, aromatics overweight N, S, O compounds, and 
pristane: phytane ratios are high. 
2.5.2 Nile Delta 
2.5.2.1 General overview  
The Nile Delta region includes three geologically different exploration provinces: 
1. The so-called South Delta Block (10600 km2) is a structural and stratigraphic extension of the 
Western Desert; the Mesozoic-Eocene carbonates form an N-sloping monocline are interrupted 
by south-dipping normal faults (Figure 2.7) [Sestini 1995]. 
2. The North Delta Basin, encompassing the northern delta and the continental shelf, about 23000 
km2 in size, of which 9200 km2 are onshore. The northward thickening Oligocene-Miocene 
sediments are cut by major down-to-basin faults, often listric, with southward-rotated blocks, 
that are prominently truncated by a broad erosional surface formed in late Middle Miocene to 
early Late Miocene. The domino-style tilted block faulting extends to the offshore inner 
continental shelf region [Sestini 1995]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.7: Map of main structural elements and location of gas fields and discoveries in the Nile Delta 
Basin [Sestini 1995]. 
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3. The deep offshore (north of the continental shelf, i.e. north of the 200 m isobath, and west of a 
principal NE-SW Pliocene fault: Figure 2.7), which was affected by strong Pliocene-Pleistocene 
sediment loading (3500m in 4-5 mio. y.). It displays large-scale post-Messinian listric faulting, 
marked rollovers, rotated blocks, slump structures, especially in the NNE and NE. Shale 
diapirism (individual swells and walls of overpressured Oligocene-Late Miocene shales) is a 
notable feature over large areas and most developed beneath the present continental slope. 
The shale diapirs are often truncated by the late Middle Miocene unconformity [Sestini 1995]. 
2.5.2.2 Lithostratigraphy 
The Nile Delta Basin’s depositional history became distinctive in Late Oligocene-Early Miocene by the 
combined effect of extension (incipient Gulf of Suez rifting) and a lower sea level. An ancestral Nile 
broke into the present delta region in Middle-Late Miocene, but the deltaic progradation of the Nile 
River only commenced in Late Pliocene and developed mainly in the Pleistocene [Sestini 1989]. Main 
Miocene factors of deposition were sea level variations and structural instability (fault block rotation, 
regional and local subsidence, exposure and erosion) which controlled water depths, sand dispersal 
and facies [Sestini 1995]. 
Three sedimentary, transgressive-regressive Oligocene-Miocene cycles are recognized [Rizzini and et 
al 1979; Deibis et al. 1986; Abu El Ella 1990; Harms and Wray 1990]. In the first cycle open marine 
Oligocene shales (Dabaa Formation) are overlain by regressive Late Oligocene-Early Miocene sandy 
formations: the Moghra (West) and Qantara (East) which are shallow neritic-deltaic in the south, 
turbiditic in the north. The Qantara sandstones are coarse to conglomeratic, derived from highs in the 
SE, E and maybe NW (Temsah area) [Sestini 1995]. 
 The second cycle begins with deep marine silty shales and clays (Sidi Salem Formation) deposited 
during a Middle Miocene rise of sea level. The Qawasim Formation represents the Late Miocene 
regression, after an early Late Turonian drop of sea level, and the Serravallian-Turtonian tectonic 
event. This is a thick, irregular complex of sandstones and conglomerates interbedded with dark grey 
shale (fluvial-deltaic with littoral and lagoonal episodes in the upper part).  
In the northeastern, deeper sub-basin it includes a thick (1-3 km) complex with deltaic clinoform 
facies [Sestini 1995]. Progradation and shallowing continued in the Messinian, subsidence being more 
prominent both east and west of the central delta uplift. The disconformable Messinian Abu Madi 
Formation sands are deltaic in the lower part, littoral-marine in the (more shaly) upper part [Deibis et 
al. 1986; Alfy et al. 1992]. North of the present coastline a system of braided river deposits grades to 
the Rosetta evaporites in the NW and to the Mavqim evaporites or the Ziglaq limestones in the NE 
[Sestini 1995]. 
In the third cycle the transgressive Pliocene Kafr El Sheikh Formation (clays and silts with some sand) 
shallow from an upper bathyal environment in their lower part to outer shelf in the upper part. The 
overlying sands and sandy clays of the El Wastani Formation (Late Pliocene-Early Pleistocene) are 
shallow marine and characterized by large foreset progradation (at least as far as the inner 
continental shelf) (Figure 2.8). The uppermost regressive Mit Ghamr Formation is instead a sheet-like 
body of medium-coarse to conglomeratic sands with notable lateral continuity [Sestini 1995]. 
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Figure  2.8: Lithostratigraphic section of North Delta Basin showing source rocks (PSR), reservoirs (RSV) 
and seals (SLS) [Sestini 1995]. 
 
2.5.2.3 Petroleum system 
In the eastern Delta, north of Port Said, the NW-SE Temsah-Tineh trend includes substantial gas-
condensate discoveries in Qawasim sandstones under Messinian evaporites (Port Fouad, Wakar, 
Kersh) and promising light oil discoveries in the lower (Tineh) and in the upper Qantara sandstones 
(El Temsah).  
2.5.2.3.1 Source rocks 
The Oligocene and Miocene formations of the North Delta Basin include shales and/or marls with 
sufficient quantities of organic carbon to be considered fair to good sources [Dolson et al. 2001] 
(average TOC values of 0.7-2%), the best (mainly terrestrially derived waxy kerogen) for oil potential 
being in the Sidi Salem [Abu El Ella 1990] and Moghra Formation [Abu Ollo and El Kholy 1992]. 
However, they are immature or marginally mature in most areas at their present depth of occurrence. 
The gas and condensate of the Abu Madi-Qar’a and Abu Qir fields are considered to be derived from 
deeper (Early Miocene and Oligocene, if not older) sources, probably a post-mature source rock at 
burial depths of 6000-7500 m [Alfy et al. 1992].  
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2.5.2.3.2 Maturation 
Significant oil generation from oil-prone sediments (NW and NE delta) is believed to have occurred 
below 4000 m, the peak oil generation zone probably being at about 4500-5500 m depth. However, 
depth of burial varies because of a wide local variation of subsidence and of uplift rates due to 
tectonic movements. The Middle Miocene unconformity was a major factor in preventing deep burial 
in many wells [Harms and Wray 1990]. 
2.5.2.3.3 Geothermal gradients 
The geothermal gradient is low, weighted average values ranging from 1.8 to 2.65°C/100 m [Riad and 
et al 1989]. Hydrocarbon migration (mainly vertical) did not take place until Middle-Late Pliocene 
[Sestini 1995]. 
2.5.2.3.4 Reservoir rocks 
The main proven reservoirs of the North Delta Basin are the Abu Madi sandstones covered by the 
regional seal of the Kafr El Sheikh shales. A local seal in the NW and NE are the Rosetta, resp. Mavqim 
evaporites. Other reservoir sandstones are in the Qantara (Tineh, Temsah) and Qawasim Formation 
[Ahmed 2002] (Wakar, Port Fouad, Abu Qir) (Figure 2.9). The sandstones generally have good 
porosity and permeability values (porosity= 15-28%; K=400-1000mD). The occasional sandstones in 
the Sidi Salem and Kafr El Sheikh Formation are thin and fairly porous, but of moderate permeability 
[Sestini 1995]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.9: Schematic cross section based on regional seismic profiles across the Nile Delta and 
Mediterranean showing major petroleum plays. Most current activity targets the Pliocene and Messinian 
section, which is better imaged seismically, but deeper potential exists throughout the basin [Dolson et al. 
2001]. 
 
2.5.2.3.5 Traps 
The Nile Delta was considered primarily a gas-condensate province, as witnessed by the majority of 
discoveries. However, oil has also been found both in the eastern part (Tineh-1: 30-35° API; Temsah 
1-3: 42-48° API) and in the Abu Qir and Abu Qir West fields (42-43° API) [Sestini 1995]. 
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The Abu Madi, Abu Qir and nearby finds are the two main trends of the Abu Madi sand play: mainly 
channelized deposits of braided fluvial distributaries, located over or near Middle Miocene uplifts with 
the local control of an irregular unconformity surface [Deibis 1982; Abu Ollo and El Kholy 1992] and 
adjacent to kitchen areas [Riad and et al 1989].  
The entrapment style of Abu Madi Field is structural-stratigraphic [Sestini 1995].  
2.5.2.4 Gas composition 
The Abu Madi and Abu Qir gas composition is as follows, respectively: C1=91.6 and 87.6%; C2=4.0 
and 5.6%; C3=1.24 and 5.6%; higher alkanes (C4-C5)= 2.0 and 2.75%; CO2=0.68 and 0.75%; N2= 
0.38 and 0.69%. In the NE delta offshore gas is on average 98% methane [Sestini 1995]. 
2.5.3 Western Desert 
2.5.3.1 Abu Gharadig Basin 
The Abu Gharadiq Basin (300 x 60km, 17500 km2) is a deep E-W trending asymmetric graben, with 
basement at depths over 10500 m. It initiated, as a depocentre, in Jurassic times (along with the 
adjacent E-W Ghazalat Basin, 4800 km2). The main movement of the Late Jurassic E-W northern 
boundary faults and the uplift of the Qattara-Sharib-Sheiba Ridge occurred in the Late Aptian 
[Bayoumi and Lotfy 1989]. Early Albian to Cenomanian fault block movements within the basin caused 
a rearrangement of trends; in Santonian time, the previous tensional normal faults acquired right-
lateral transcurrent motion, producing a classical sequence of curved, through-going Riedel shears 
and a system of NE-SW compressive ridges. Later growth faulting (showing repeated displacement 
until Oligocene) provided greatly enhanced subsidence and sedimentation rates on their downthrown 
flanks [Sestini 1995]. 
The present structural configuration of the Abu Gharadiq Basin is, therefore, a mesh of E-W, WNW, 
and ENE, NNE fractures delimiting a number of graben or half-graben structures. Overall, the basin is 
divided into three sections, of unequal sedimentary fill by NE-SW oblique “ridges”, cross-cut by NW-
trending normal faults [Abd El Aal and Moustafa 1988]. 
2.5.3.2 Lithostratigraphy and petroleum geology 
The stratigraphic succession of northern Egypt is characterized by several carbonate-clastic 
alternations. Together with the enclosed secondary transgressive-regressive cycles (Figure 2.10), it 
constitutes one of the main elements of the Mesozoic-Early Tertiary petroleum system of the Western 
Desert. This is because the N-S facies zonation and vertical cyclicity brought about the interlayering of 
potential source, reservoir and seal facies in the Mesozoic sequence. The other two elements, the Late 
Jurassic to Late Cretaceous basin subsidence and Late Cretaceous-Paleocene structuration, 
contributed, respectively, to the localization of generative basins and to trap formation [Sestini 1995]. 
Paleozoic rocks (the Cambrian-Silurian Siwa Group and the Devonian-Carboniferous Faghur Group) are 
thickest in the Western part (Siwa area: 2750-3000m); mostly continental to shallow marine 
sandstones, siltstones and shales, with thin intercalations of carbonates [Keeley 1989; Klitzsch 1990; 
Dahi and Shahin 1992]. Middle-Late Jurassic sedimentary rocks extend across North Egypt, from the 
exposures of North Sinai  [Jenkins 1990] to the Western Desert subsurface [Keeley and Wallis 1991]. 
Total thickness is 2000-3500m with E-W main depocentres in the E and N. The discontinuous Early-
Middle Jurassic Bahrein coarse sandstones (0-550 m) partly are a lateral equivalent, partly 
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disconformably overlain by the Khatatba Formation (390-1375 m), which is predominantly lagoonal in 
Sinai, with carbonaceous shales, coal, sandstones, marine shales, siltstones. Sandstones and some 
carbonates occur towards southwest. It is overlain by Oxfordian to Kimmeridgian transgressive 
shallow marine shelf carbonates (Masajid Formation, 200-400 m to 570-840 m in depocentres) 
[Sestini 1995]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.10: Lithostratigraphic column of Western Desert region showing petroleum source rocks (PSR), 
reservoirs (RSV) and seals (SLS). Reservoir age of main fields and major tectonic events are indicated 
[Sestini 1995]. 
 
Early Cretaceous sandstones (mainly fine- to coarse-grained and quartzose) unconformably onlap the 
eroded top of the Jurassic. They are continental or deltaic-fluviatile and occasionally contain dolomite 
and anhydrite beds (Alam el Bueib Formation, 500-2000 m) [Sestini 1995]. The widespread Middle 
Aptian marine transgression is represented, in the north, by the lagoonal to supratidal Alamein 
Dolomite (few tens to 80 m), an excellent stratigraphic and seismic marker and locally an important 
reservoir in the S, SW, by the Abu Ballas marine sands and shales. The overlying Kharita Formation 
sandstones (350 to > 800 m) are regressive [Sestini 1995]. The Late Cretaceous marine cycles include 
the Bahariya (300-480 m, Early Cenomanian) fine- to very fine-grained shallow marine sandstones, a 
widespread oil play, and the Late Cenomanian-Turonian Abu Roash Formation, characteristically an 
alternation of dolomitized calcarenites, shale and sandstones (the carbonates become more abundant 
and thicker northwards). The formation is subdivided into seven (A-G) members; several of these are 
important reservoirs and source rocks, especially in the Abu Gharadiq Basin. There, the formation, 
usually 250-750 m thick, attains almost 1000m [Sestini 1995].  
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Senonian-Paleocene facies include chalk, marls, argillaceous limestone, bedded chert, often with a 
high content of bituminous organic matter, representing widespread marine deposition with high sea-
level stands (extending SE-wards in Egypt, as embayment’s over the present Nile Valley: [Said 1990 
a; Said 1990 e]. The impact of Senonian tectonic movements is seen in thickness variations, 
stratigraphic gaps and unconformable relations. Senonian beds are thin or missing on uplifts and show 
multiple levels of onlap and angular unconformities. Most important are the Khoman (few tens to 
1650 m) and the Apollonia Formations (Paleocene-Eocene chalky to nummulitic limestones, generally 
~100m, 550 to 1675 m in depocentres) [Sestini 1995]. The top of the Western Desert sequence is 
mostly formed by terrigenous clastics, the Late Eocene-Oligocene Dabaa Formation (200-400 m, max. 
825 m) marine shales, and the Late Oligocene to Early Miocene Moghra Formation (200-970 m, mainly 
sandstones, fluvio-marine, lagoonal to shallow marine upwards) [Sestini 1995]. 
2.5.3.3 Petroleum system 
Information on the petroleum system distribution in the northern Western Desert (Abu Gharadig 
basin) in terms of stratigraphic levels, age, reservoir, pay zones, and organic facies are discussed in 
the following:  
2.5.3.3.1 Source rocks 
The hydrocarbon generating area “Kitchens” for the stratigraphic units of Mesozoic age are delineated 
and indicated on a kitchen map (Figure 2.11). A pronounced hydrocarbon kitchen covers the area 
including the Abu Gharadig basin. In this kitchen area, Type II Late Cenomanian-Turonian source 
rocks have oil generating potential and type III pre-Alamein Early Cretaceous and Jurassic sequences 
have gas–generating potential [Parker 1982; RRI 1982]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.11: Distribution of the hydrocarbon kitchen areas in the north Western Desert modified after 
[Schlumberger 1984]. Location of the sedimentary provinces in the north Western Desert after [Fawzy and 
Dahi 1992]. 
Mohammed Awad Ahmed⎪Geodynamic Evolution And Petroleum System Of Abu Gharadig Basin, Egypt⎪2008 
Prof. Dr. Ralf Littke⎪Hydrocarbon Provinces⎪26 
The hydrocarbons of Abu Gharadig Basin are a multi-sourced from Cretaceous, Jurassic and possibly 
Carboniferous rocks [Shahin 1992]. Possible source rocks are limestone and shale of Carboniferous 
Dhiffah Formation, and shale of both Carboniferous Disouqy Formation and Middle Devonian Zeitoun 
Formation.  
The carbonate-prone Masajid Formation contains black marine shales that form locally thick source 
rocks in the Western Desert. Non-marine facies which contain carbonaceous shales and coal of the 
Khatatba Formation, are also considered proven source-rock facies [Dolson et al. 2001]. The best 
potential and proven sources are shales in the Khatatba Formation with TOC up to 4% and type II 
kerogen over considerable thickness in most parts of the Western Desert [Sestini 1995]. Middle 
Jurassic sources are locally developed in the lacustrine coal section of the Western Desert [Bagge and 
Keeley 1994; Keeley and Massoud 1998], and late Jurassic shales may contribute in the Western 
Desert and Nile Delta [Macgregor and Moody 1998]. 
The Alam El Bueib Formation contains proven marine carbonate source rocks [Dolson et al. 2001]. 
The most productive source rocks included within the Late Cretaceous grouping are the strongly 
laminated marine sediments of the Bahariya Formation [Macgregor and Moody 1998]. Bahariya 
Formation is characterized by mature source rocks that are deposited under transitional environment, 
and with a tendency to produce oil and gas [El Nady and Hammad 2000]. 
Units E, F, G of the Abu Roash Formation have fair to good source potential for oil generation [Sestini 
1995]. Abu Roash members “E”, “F” and “G” constitute the most organic-rich horizons [Lüning et al. 
2004], considered as the most profilic good oil source rocks [Schlumberger 1995]. In addition, Abu 
Roash "A" member is a good source rock [Ghanem 1985].  
The Abu Roash “F” member is the best documented source rock in the Abu Gharadig basin with TOC 
values of 1.5-2.5% [Lüning et al. 2004] to 6% in the central basin [Labib 1985] and with oil prone 
character (type I-II kerogen) [EGPC 1992].  
Potential oil sources of good quality are present also in the lower Khoman Formation and in the 
Apollonia Formation [Sestini 1995]. 
Essentially gas-prone are mudstones/shales in the Dhiffah, upper Bahrein, the lower Khatatba, Alam el 
Bueib, Kharita and Bahariya Formation (e.g. Abu Gharadig, Natrun, Gindi, and Asyut areas [Parker 
1982; EGPC 1992]). 
2.5.3.3.2 Geothermal gradients 
Geothermal gradient values range from 1.5 to 2.5°C/100m [Morgan et al. 1983]. The top of the oil 
window varies between 1500 and 3650 m, the top of the gas zone from 4500 to 6000 m, according to 
the burial history. Deep kitchen areas occur in the Abu Gharadiq Basin, the northern sub-basins and 
the Misawag Graben [Shahin et al. 1988].  
An exception is the Kattanyia Horst belt, where peak maturation level lies at relatively shallow depth, 
probably because of the removal of Cretaceous sediments after the Eocene uplift [Abd El Aal et al. 
1990 b]. 
2.5.3.3.3 Maturity 
The general opinion is that within these basins [Shawky Abdine et al. 1993], the older potential source 
rocks (e.g. Paleozoic, Jurassic, Early Cretaceous) entered the oil generation stage in the Senonian, in 
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many other areas not until Early Tertiary; and that in most basins the generation of gas did not begin 
until Paleocene [Parker 1982; Shahin et al. 1988]. 
The Abu Roash and Khoman source rocks reached maturity only in the deeper parts of basins. On 
structures (if sufficiently buried), the Abu Roash sources did not generate oil until Oligocene-Miocene 
time. Expulsion, migration (essentially vertical) and accumulation occurred during Late or post-Eocene 
time, when many basins and structures had already been formed [Sestini 1995]. 
2.5.3.3.4 Reservoirs rocks 
In Western Desert, oil and gas occur in dolomites, dolomitic limestones and sands of Cretaceous age. 
2.5.3.3.5 Carbonate reservoirs 
The carbonate reservoirs are present in both Aptian and Turonian of localized occurrence, mainly 
because of unpredictable fracture-enhanced porosity. The most important of these is the Aptian 
dolomite first discovered in Alamein field. The Alamein Dolomite has fair intergranular, vuggy and 
fracture porosity (3-12%) but excellent permeability (2000mD) [Sestini 1995]. The Aptian carbonates 
consist of an upper unit, the Alamein Formation, and a lower unit. The two are separated by a shale-
dolomitic sandstone member [Hamed 1972]. The carbonates consist of dolomite, limestone and 
dolomitized limestone of different degree of dolomitization with fair to excellent intergranular, 
vuggular and fractured porosity. 
Carbonate reservoirs are present in Abu Roash (D) and (F) units of Turonian age and the Abu Roash 
(G) units of upper Cenomanian age [El Ayouty 1990]. The Abu Roash D, F and G dolomite units are 
oil-bearing in the Abu Gharadiq, WD 33, WD 19, Alamein and Razzak fields [Sestini 1995]. Inter-
granular porosity is seen in carbonate of  "D" Member [El Gezeery and O' Connor 1975]. The Khoman 
chalky limestones constitute a gas reservoir (3-60 m pay with 10-30% porosity) fractured on the folds 
of the GPT, GPA, GPY fields in the Abu Gharadiq Basin [Sestini 1995]. 
2.5.3.3.6 Sandstone reservoirs 
The Jurassic is poorly explored probably because considerable depths particularly in the basin. The 
Jurassic Khatatba sandstones, though oil- and gas-bearing in the Meleiha and Salam fields and in 
other finds, are of low reservoir quality, on account of quartz cementation [Kholeif et al. 1986]. 
The Cretaceous sand and sandstone reservoirs belong to different stratigraphic levels starting from 
Albian Kharita sands, Early Cenomanian Bahariya sands [El Ayouty 1990], and Turonian Abu Roash 
"C", "E" and "G" sands and are good reservoir rocks [Ghanem 1985]. Kharita Formation provides a 
major oil/gas reservoir in Badr El Din concession [Barakat 1982].  
Many of the very fine- to medium-grained sandstones have good porosities and permeabilities (e.g. 
porosity=15-30%, K=100-300 mD) but the proven pay zones are generally only a few meters thick 
(max. 30m, e.g. in the Bahariya Formation, Meleiha fields) [Sestini 1995]. In the Bahariya Formation 
clean quartzose sandstones to argillaceous-glauconitic sandstones with 18-25% porosity and 
permeability up to 500mD, contain oil in the majority of Western Desert fields [Sestini 1995]. 
Sandstones of Bahariya Formation are the main gas and/or condensate producing horizon in Razzak, 
Aghar, Ahram, Meleiha, Abu Gharadig, and Bed fields [EGPC 1992]. The reservoir sand intervals of the 
Abu Roash (“C”, “E” & “G”) members, Bahariya and Kharita Formations are well explored. Inter-
granular porosity is seen in sandstones of the Abu Roash "C", "E" and "G" Members [El Gezeery and 
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O' Connor 1975]. In Egypt the massive sands of the Bahariya and Abu Roash Formations 
(Cenomanian-Santonian) contain over 90% of known reserves [Richardson et al. 1998]. 
Other proven reservoir sands are the Aptian Dahab and Cenomanian Razzak sandstones (porosity= 
18-25%) and those present in units A, C, E, G of the Abu Roash Formation [Sestini 1995]. Evaluation 
of reservoir sand trends in the Bahariya, Khatatba and Alam El Bueib Formations is difficult, because 
of poor continuity, resulting from rapid lateral facies changes in shallow marine, tidal flat to lagoonal 
environments [Sestini 1995]. 
2.5.3.3.7 Seals 
The Western Desert reservoirs are generally sealed by local intra-formational shale, compact 
limestone and dolomite beds of Cretaceous and Eocene, which can be efficient cap rocks. Likewise, 
shale and limestone of Turonian and younger Cretaceous units are believed to be sealing off any oil 
trapped within the Cenomanian–Turonian porous sequence [El Ayouty 1990]. Best sealing conditions 
are said to occur in basinal areas rather than on ridge/platform areas, where the sequence becomes 
more sandy [Sultan and Abd El Halim 1988]. The vertical sealing is provided by both intervening shale 
and tight limestone intervals [El Gezeery and O' Connor 1975]. The shale and carbonate intervals of 
the Abu Roash Formation are effective vertical and lateral seals [Abed El Semia 2004].  
Moreover, the overlying Paleocene chalks provide a top seal, forcing oil into older reservoirs or, as in 
Abu Gharadiq, maintaining it within interbedded fractured and vuggy Abu Roash limestones [Keeley 
and Massoud 1998]. Other trap types developed in the region include fault blocks, although success in 
these seems to be determined largely by the nature of the potential sealing lithologies juxtaposing the 
reservoir on faults [Richardson et al. 1998]. 
2.5.3.3.8 Traps 
Most of the hydrocarbons discovered in the Western Desert were drilled as a structural prospect, 
either in the form of three or four-way closure structures or as a fault block structures. Most of the 
existing oil fields are located at the intersections between NW and NE trending fault systems [Sultan 
and Abd El Halim 1988]. Most fields are related to structures formed in Late Cretaceous-Eocene and 
are placed in, or at the edge of early depocentres that later became kitchen areas [Abu El Naga 
1984]. Several oilfield groups are four-way closures arranged en-echelon, right stepping in relation to 
strike slip movements (e.g. Safir-Salam-Meleiha, Abu Sennan, Aghar-Razzak-Alamein trends: 
ref.[Kholeif et al. 1986; Sultan and Abd El Halim 1988].  
The structure elements were the main factor determining the trapping of oil in almost all of the 
discoveries. Syrian Arc-related structural trends form the bulk of the productive traps discovered in the 
Western Desert [Dolson et al. 2001]. Structures resulting from a stress field associated with right-
lateral wrench environment are generally small and closures at different levels in multi-pay fields can 
be of quite variable size [EGPC 1992]. The size of structures and the sealing integrity of faults were 
negatively affected by repeated fault rejuvenation and by the re-arrangement of local stress [Sestini 
1995]. 
The following three types of petroleum accumulations are recognized in the Western Desert: 
1. Oilfields typically within a structural and sedimentary basin are those of the Abu Gharadiq Basin, 
where 20 fields currently produce about 40000 bopd (approx. 2 mio. t/y.). Principal producers 
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are Badr El Din-1 and -3, BED-15, Abu Gharadiq and Abu Sennan. The structure of the Abu 
Gharadiq field is a highly faulted anticlinal feature with NE- to SW-trending blocks. Estimated 
recoverable reserves are of 60 mio. bbl (approx. 8.3 mio. t), production reached in the past 
years 10000 bopd (~ 0.5 mio. t/y.); with 32.5 to 35.7°API oil from several reservoirs in the Abu 
Roash Formation: “C” (-2626m), “D” (-2780m), “E” (-2845m) and “G” (-3215m), and, together 
with gas, from the Bahariya Formation (-3215 m). Oil-water contacts in the field are quite 
variable, in consequence of the repeated tilting and erosion of the older Bahariya Formation 
fault blocks [El Ayouty 1990]. 
2. Oilfields at the edge of a structural basin are typically those at the N and NE margin of the 
Shushan-Khalda Basin: Umbarka (20 mio. bbl 2.8 mio. t reserves), Kahraman, and Khalda (27 
mio. bbl, approx. 3.8 mio. t), from an oval, 144 km2 anticline that has both NW-SE and NNE-
SSW axes [Sestini 1995]. 
3. Fields on the later structural elements of inverted basins include 
a) The 15 fields of the Meleiha Swell, which produce in total about 43500 bopd (approx. 2.2 mio. 
t/y.). The most important are Meleiha (60 mio. bbl 8.3 mio. t recov. reserves, 9500 bopd), 
Salam, Aman and Meleiha NE. The structures are WNW-ESE aligned horsts, broad low-relief 
folds (closures under 100 msec), four-way dip or fault and 3-way dip closures, and anticlinal 
features within horst blocks [EGPC 1992] 
b) The eight fields of the Mereir-Alamein Ridge (Aghar, Razzak, Razzak NE, Yidma, El Alamein, 
Horus, and Alamein East) have combined total recoverable reserves of 260 mio. bbl (approx. 36 
mio. t) and production had reached in the past years 70000 bopd (approx. 3.5 mio. t/y.). The 
largest field, Alamein, is a 4-way-dip closure at Aptian dolomite level, 8 x 6km in size. It is 
affected by cross-faults normal to the ridge trend; 30° API oil (235 mio. bbl., 32.5 mio. t of oil 
in place, resp. 75 mio. bbl, 10.4 mio. t of recoverable reserves). It is present in five zones; the 
main one is the Alamein Dolomite (60m pay); the other four are thin Aptian sandstones and 
Abu Roash “G” dolomite) [Sestini 1995]. 
However, in some fields the stratigraphic elements in the hydrocarbon trapping are evident in the 
pinching out of some sand pays in the Cenomanian–Turonian sequences, as well as in the facies 
changes from clastic to carbonates [El Ayouty 1990]. 
2.5.3.4 Oil and gas types 
The Western Desert oils are non-biodegraded normal crudes with gravities ranging from 25 to 40°API 
(in 40 pools) and 41 to 45°API (in 27 pools; only 6 pools have oils under 25° API). There are two 
main oil groups [EGPC 1992]: 1. The Abu Gharadiq group, with negative isotope values, low to 
moderate pristane: phytane ratios, low wax content, low to moderate sulphur content (< 3%), and 
mainly moderate maturity levels. Their source is essentially marine. 2. The Umbarka-type oils, which 
are characterized by a high wax content, high pristane: phytane ratios, lesser negative isotope values, 
very low sulphur content and relatively high maturity levels. They were derived from a largely 
terrestrial source (probably the Khatatba Formation) [Sestini 1995]. 
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GEODYNAMIC AND GEOLOGIC SETTING OF ABU GHARADIG BASIN 
2.6 GENERAL 
The investigated site covers on-shore BADR EL-DIN and SITRA concessions. Badr El-Din (BED) 
Concession, 535km2 was granted to Shell Winning N.V in 1980, operated by Dadr Petroleum Co., 
(Bapetco)-Shell Egypt’s Joint Venture with the Egyptian General Petroleum Corporation (EGPC). Sitra 
development lease, 322km2 was awarded to Shell Winning in 1985. The study area is located between 
Latitudes, 29° 37’ 54” & 30° 03’ 54” N, and Longitudes 27° 38’ 48“ & 28° 04’ 42” E (Figure 2.12). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.12: Enlarged location map of the study area showing the spatial distribution of the available wells; 
2D time domain seismic lines (10 lines) and traces (4 traces) addressed throughout the current study. This 
dataset belongs to BADR Petroleum Company “Bapetco” concessions (Badr El-Din “BED” 6 wells and 
Sitra “SIT” 5 wells). The deepest penetrated sequence is Shaltut Formation with depth ranging from 3701 
m bmsl at BED 2-1 well, to 4017 m bmsl at SIT 1-1 well. A total well count of 11 includes 4 gas producers; 
2 dry wells; and 5 oil producers. 
 
2.7 GEOMORPHOLOGY  
The Western Desert is essentially a plateau desert with numerous extensive and closed–in 
depressions. One of the most prominent geomorphic features is the Qattara Depression. Cliffy slopes 
along its northern and western sides (Figure 2.13), bound it. The floor of the western segment is 
covered with limestone, clay and halite. The limestone cropping out in the south of the depression is 
of Late Eocene age, while those cropping out to the north and east are of middle Miocene age 
Marmarica Formation. They are widely distributed inland sabkhas from which erosion started and 
helped by the capillary action that brought the underground water near to the surface(Figure 2.13) 
[Said 1990 c]. The ground level of the study area ranges between 50m below sea level at BED 2-1 
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well on the western side and 30m above sea level at the southeastern part of the area at SIT 7-1 well. 
There is a general decrease northwards which coincides with the Qattara Depression.  
 
 
 
 
 
 
 
 
Figure  2.13: Topography of the Qattara Depression, after [Ball 1933] (left). (Right) Geologic map of the 
Qattara Depression, after [El Bassyony 1990]. 
 
2.8 CHRONO-STRATIGRAPHIC FRAMEWORK 
The lithostratigraphic column of the Abu Gharadig  basin comprises rock units ranging from Cambrian 
to Recent (Figure 2.14), with the oldest sediments resting non-conformably on the basement rocks [El 
Ayouty 1990]. In the Abu Gharadig basin, the sedimentary column reaches between 8 to 9 km 
[Hantar 1990]. 
2.8.1 Pre- Cambrian basement complex  
The crystalline basement of Egypt is primarily pre-Cambrian in age [Said 1962]. It is characterized by 
abundant granites and granodiorites with low grade metamorphism [Shackleton 1980]. Interpretation 
of the isotopic age data indicates two major episodes of igneous intrusion. The older episode from 
1000 to 850 Mabp includes calc-alkalic diorites and granodiorites. The petrochemistry and initial 
strontium isotope ratios suggest a mantel source with little crustal contamination. The younger 
episode from 675 to 500 Mabp is represented mainly by K-feldspar–rich granite. The petrochemistry 
suggests a crustal origin, while initial strontium isotope ratios suggest a mixed crust-mantel origin 
[Hashad 1980]. 
2.8.2 Paleozoic  
The Paleozoic depocentres seem to trend generally NNW-SSE, controlled by the major faults 
developed in Late Pre-Cambrian time. In the northwestern corner of the Western Desert a N-S 
trending synclinorium (Siwa Oasis-Faghur) has been delineated with a Paleozoic section of some 3000 
m thickness [Schlumberger 1984]. The identification of the Paleozoic is based on the stratigraphic 
position of the strata [RRI 1982]. Gravity and magnetic modeling suggest that basins containing more 
than 4000 m of Paleozoic strata may exist [Abu El Naga 1984]. In Siwa Basin, the Paleozoic 
thicknesses exceed 2500 m [Dolson et al. 2001]. The Paleozoic sediments range in age from Early 
Cambrian to Late Permian and overlie nonconformably the basement rock unit [Paleoservice 1986]. It 
is overlain unconformably by the Jurassic or younger sediments. It is dominated by sandstones of 
various colure, and siltstones with an abundance of limestones and shales in the upper part of the 
section [Fawzy and Dahi 1992]. [Paleoservice 1986] suggested that shallow marine to delta complex 
conditions prevailed at the time of Paleozoic deposition in Egypt, (Figure 2.14).  
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Figure  2.14: A generalized chrono-stratigraphic column and tectonic correlation chart of Abu Gharadig 
Basin, north Western Desert, Egypt. The facies succession, ages, distribution of potential source and 
reservoirs rocks are also represented, modified after [Schlumberger 1984; Schlumberger 1995; Guiraud 
and Bosworth 1999; Guiraud et al. 1999]. The tentative paleowater depth is based on palynological and 
foraminiferal analysis of ditch samples for the Cretaceous age [Abd El Kireem et al. 1996]. The average 
recorded thickness values are inferred from literature. The Geologic age scale is according to [Harland et 
al. 1990]. The color code is selected according to the United States Geological Survey (USGS). 
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The subsurface Paleozoic succession is divided by [Paleoservice 1986] into Siwa and Faghur 
groups. 
2.8.2.1 Siwa Group   
The Siwa group is the lower part of the Paleozoic sections; it is subdivided into three formations:  
2.8.2.1.1 Shifah Formation  
The Tethys, a very shallow epicontinental sea, invaded the eroded Nubian-Arabian shield from the 
northwest. During Cambro-Ordovician time, coarse clastic series were deposited in fluvio-continental 
or in beach and tidal shoal environments. Immature arkosic sediments indicate high relief, and rapid 
burial.  
They consist of crossbedded, micaceous and hematitic, kaolinitic, fine to coarse-grained sandstone, 
with interbeddings of argillitic red shales. Some dolomitic stringers and authigenic anhydrite are also 
present [Paleoservice 1986]. 
2.8.2.1.2 Kohla Formation  
consists of white to light grey, fine to medium-grained well-sorted sandstone, interbedded with 
variegated, micaceous shale [Schlumberger 1984]. It was deposited under aqueous environments 
varying from off shore shelf to subtidal and predeltaic [Paleoservice 1986].  
2.8.2.1.3 Basur Formation  
Consists mainly of sandstone, siltstone and thin limestone [Paleoservice 1986]. In Sheiba–I well beds 
are intruded by a gabbroic sill [RRI 1982]. Shelf marine Silurian black shales, however, have been 
encountered in Western Desert Egypt [Dolson et al. 2001].  
2.8.2.2 Faghur Group 
The Faghur group is the uppermost part of the Paleozoic sections, subdivided into four formations, 
which are: 
2.8.2.2.1 Zeitoun Formation   
It is grading from white, fine to coarse-grained sandstone at the lower part to shale at its top. The 
thickness is constant throughout the Western Desert and ranges from 900-1000m [RRI 1982]. 
2.8.2.2.2 Disouqy Formation  
It is composed of sandstones and shales.  
2.8.2.2.3 Dhiffah Formation 
It is composed of sandstone, limestones and shales. 
2.8.2.2.4 Safi Formation  
It is composed mainly of sandstones with shale intercalations and limestone intercalation with some 
coal seams. 
2.8.3 Mesozoic 
The Mesozoic sediments are unconformably overlain by Paleozoic clastic series and represented only 
by Jurassic and Cretaceous rock units [Fawzy and Dahi 1992; El Shaarawy 1994 a]. Overlying the 
Mesozoic in the Western Desert are the shallow to open marine carbonates of the Apollonia Formation 
[Fawzy and Dahi 1992]. 
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2.8.3.1 Triassic 
2.8.3.1.1 Eghei Group  
In Late Carboniferous, regional upwarping related to the Hercynian orogeny affected the whole 
Western Desert and led to terrestrial conditions, which prevailed during the Permo-Triassic time, 
which is represented by the widespread, unconformable Eghei Formation. This formation consists of 
light colored sandstone intercalated with dolomitic rocks and shales with some coaly seams. It is 
completely absent [Fawzy and Dahi 1992]. 
2.8.3.2 Jurassic 
Jurassic strata are thickest in the northeastern corner of the Western Desert, where syn-rift graben fill 
exceeds 2500m [Dolson et al. 2001]. The Jurassic section is divided lithologically into four formations, 
which are: 
2.8.3.2.1 Baharein Formation 
Consists mainly of fine-coarse quartzose sandstones with minor shale, siltstone and anhydrites 
interbeds. It unconformably overlies different units of Paleozoic [RRI 1982]. 
2.8.3.2.2 Wadi Natrun Formation 
Composed of shallow marine carbonate-shale sequences or lagoonal deposits with alternations of 
dense limestone, green shales and anhydrite [Fawzy and Dahi 1992]. Khatatba Formation always 
overlies it.  
2.8.3.2.3 Khatatba Formation 
Consists of a thick shallow marine carbonaceous shale sequence, with interbedded porous sandstone, 
oil bearing in the Razzak field, coals seams and limestone streaks [El Shaarawy 1994 a], with limited 
gas potential [Fawzy and Dahi 1992]. 
2.8.3.2.4 Masajid Formation  
Made up of platform carbonates including oolitic, reefal and dolomitic limestones, with minor shale 
interbeds and cherty intervals. A widespread unconformity is recorded at the Jurassic-Cretaceous 
boundary [Fawzy and Dahi 1992]. 
2.8.3.3 Cretaceous 
The sediments of the Early Cretaceous were deposited under fluviatile deltaic complex facies in the 
south, changing gradually to shallow marine and fluvio-marine facies in the north [Abu El Naga 1984]. 
The Early Cretaceous is divided into four main formations, Alam El-Bueib (Bettey Member and Shaltut 
Formation) (continental to shallow marine), Alamein (mainly carbonate), Dahab shale member and 
Kharita (sand and sandstone) which are mainly of continental environment [Fawzy and Dahi 1992]. 
2.8.3.3.1 Betty Member 
The lowermost part of Alam El-Bueib Formation is known as Betty member where it is recognized by 
its red, kaolinitic sandstones of continental environment [Fawzy and Dahi 1992]. 
2.8.3.3.2 Shaltut Formation 
Alam El Buieb includes units that were given different names such as Shaltut Formation in the 
Bapetco’s concession [RRI 1982]. It is composed of sandstone with calcareous shale intercalations 
and coals with reportedly limited gas potential. It represents the first fluvio-deltaic deposits which 
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came after the post Jurassic uplift [Fawzy and Dahi 1992]. Local unconformities between the Early 
Cretaceous and Late Jurassic, plus the vertical transition from marine shale to lignite and 
carbonaceous shale near the base of the Alam el-Bueib Formation, seem to indicate some local 
continuation of rift episodes into the Early Cretaceous [Dolson et al. 2001]. 
Shaltut Formation was penetrated in BED 2-1 well at a depth of 3450m, 252m thick. At SIT 1-1 well, it 
is 77m thick penetrated from 3940 m depth.  
2.8.3.3.3 Alamein Formation 
The Aptian Alamein Dolomite marks a period of widespread sea-level rise which provides a useful 
flooding-surface marker horizon throughout the Western Desert and North Sinai [Dolson et al. 2001]. 
It is made up of light brown hard microcrystalline dolomite with vuggy porosity and fractured porosity 
and with some shale interbeds, deposited in a shallow marine environment [RRI 1982]. It 
unconformably overlies the Alam El Bueib Formation. Deposition in a near–shore, inner shelf, marine 
environment (<50 m) is suggested for the Alam El Buieb and Alamein, based on palynological and 
foraminiferal analysis of ditch samples from the Cretaceous of the Abu Gharadig-18 (AG-18) well [Abd 
El Kireem et al. 1996]. 
In the study area Alamein Formation was encountered at depths between 3373m at BED 2-1 well and 
3879m at SIT 1-1 well. The maximum penetrated recorded thickness of the entire Aptian Alamein 
Formation ranges from 61 to 76m, at SIT 1-1 well and BED 2-1 well, respectively.  
2.8.3.3.4 Dahab Shale Formation  
It consists of greenish grey pyritic shale with siltstone, sandstone and limestone interbeds. It 
conformably rests on the Alamein Formation and is overlain by the Kharita Formation. The Dahab 
member is relatively thick in the Alamein area with a maximum thickness of 174 m [RRI 1982]. 
In the study area, Dahab Formation was penetrated at two wells at depths between 3354m at BED 2-
1 well and 3853 at SIT 1-1 well. The maximum penetrated recorded thickness of the entire Late 
Aptian Dahab Formation ranges from 20 to 25m, at BED 2-1 well and SIT 1-1 well, respectively.  
2.8.3.3.5 Kharita Formation  
It consists of an alternation of massive quartzose sandstones, up to 40 meters in thickness, with 
rapidly alternating sequences of shale, siltstone and sandstone. It can be subdivided into two units: 
the upper unit is composed of thick; massive to occasionally well laminated, clean medium to fine-
grained, well sorted sandstone, separated by shaly and silty intervals of coastal plain environment 
[Schlumberger 1984]. The lower unit consists of fine laminated sandstone, siltstone and shale 
intercalations of shallow marine environment. The massive sandstones are laterally continuous over 
large areas; they may represent a shallow marine shelf environment [EGPC 1992]. 
In the study area, Kharita Formation was encountered at depths between 2531m at BED 2-7 well and 
3633m at BED 3-3 well. The depth to the top surface increases generally towards the center of the 
area with the deepest value in BED 3 concession. The maximum penetrated recorded thickness of the 
entire Late Albian Kharita Formation ranges from 12 to 861m, at BED 2-7 well and SIT 1-1 well, 
respectively. A general pattern of increasing thickness particularly at SIT 1-1 well is distinguished. 
Based on calibrated models, important erosional events are simulated at the uppermost part of 
Kharita Formation, with calculated eroded thicknesses between 50 m to 70 m. 
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An unconformity is present between the Early and Late Cretaceous [Philip et al. 1980; Fawzy and Dahi 
1992]. The Late Cretaceous rock units are differentiated into three main formations arranged from 
base to top as follow:  
2.8.3.3.6 Bahariya Formation  
[Ball and Beadnell 1903; Lebling 1919; Blankenhorn 1921] recognized a thick clastic section assigned 
to the Early Cenomanian known as the Bahariya Formation. It consists mainly of fine- to medium- 
grained quartzite sandstone, colorless to pink, medium to coarse grained with thin streaks of shale 
interbeds and carbonate inclusions [Soliman and El Badry 1980; Schlumberger 1984]. The whole 
Formation could be subdivided into two main lithological units; the upper shaly unit and the lower 
more sandy/silty unit [Fawzy and Dahi 1992]. Shallow marine environment of the inner shelf with 
paleowater depth up to 50m [Abd El Kireem et al. 1996] prevailed during the deposition of the 
Bahariya Formation to the north while meandering channels were prevailing to the south of the 
Western Desert. It represents a gradational phase of fining upwards to the overlying marine 
carbonates and shales of the Turonian-Coniacian Abu Roash Formation. It conformably overlies the 
Kharita Formation [EGPC 1992].  
In the study area, Bahariya Formation is recorded with depths between 2322m at BED 2-1 well and 
3374m at BED 3-3 well. The depth to the top surface increases generally towards the center of the 
area with the deepest value in BED 3 concession. Bahariya formation has a widespread continuation 
all over the study area. The maximum recorded thickness of the entire early Cenomanian (Late 
Cretaceous) Bahariya Formation ranges from 196m to 312m, recoded at SIT 4-1 well and BED 17-1 
well, respectively. The thickness distribution of Bahariya Formation can give an indication of the 
tectonic influence that affected the area and created a new depocentre that differs from that of the 
underlain Kharita Formation. The Late Albian-Early Cenomanian tectonics is represented with a Late 
Cretaceous unconformity surface at the top of Kharita Formation. It shifted the location of the 
depocentre from that of underlain Kharita Formation at the western part, BED 2-1 well, to a new 
location at BED 17-1 well.  
2.8.3.3.7 Abu Roash Formation  
The Abu Roash Formation conformably overlies the Bahariya Formation and unconformably underlies 
the Khoman Formation. It is mainly composed of interbedded terrigenous clastic and carbonate rocks. 
It is subdivided  into seven lithostratigraphic members, distinguished from top to base as "A", "B", "C", 
"D", "E","F" and "G" members, which cover the Late Cenomanian to Coniacian time interval [Aadland 
and Hassan 1972; Schlumberger 1984]. Periods of marine inundation and transgression are marked 
by the limestone and shale sequences of Abu Roash "B", "D" and "F" members, while regressive 
phases are represented by the clastic deposition characteristic of Abu Roash members "C", "E" and 
"G"  [RRI 1985]. 
? Abu Roash “G” member  
It consists mainly of shallow marine (paleowater depth 0-50m [Abd El Kireem et al. 1996]) shale, 
sandstone and limestone and dolomite beds [Ali et al. 1989]. It is heterogeneous both vertically and 
laterally, and becomes sandy through Abu Gharadig  basin [Fawzy and Dahi 1992]. It conformably 
overlies the Bahariya Formation and unconformably underlies the Abu Roash “F” member.  
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? Abu Roash “F” member 
It is composed essentially of open shelf to basinal pelagic argillaceous carbonate, being rich in organic 
matter.  
? Abu Roash “E” member 
It conformably overlies the Abu Roash “F” member and underlies the Abu Roash “D” member [Fawzy 
and Dahi 1992]. It is composed of shale and small limestone beds with fine glauconitic and pyritic 
sandstone with an anhydrite marker, deposited in shallow marine shelf environment. 
? Abu Roash “D” member 
Conformably overlies the Abu Roash “E” member and underlies the Abu Roash “C” member. It is 
composed of white to light dense limestone, dolomitic, interbedded with few sandstone, and 
calcareous shale beds. 
? Abu Roash “C” member 
In the great Abu Gharadig Field area, Abu Roash "C" member deposited in bays as a deltaic complex, 
where the good quality reservoir sands are present. To the south, the environment changes into 
channels and interdistributary bay environment, based on a detailed sedimentological and paleo-
ecological analysis [Wasfi et al. 1986]. It is composed mainly of shale, siltstone and sandstone with 
some limestone streaks and deposited in a restricted shallow marine shelf. It conformably overlies the 
Abu Roash “D” member and underlies Abu Roash “B” member. 
The Abu Roash members “C”, “D”, “E” and “F” are shallow water, middle shelf with paleowater depth 
from 50 to 100m [Abd El Kireem et al. 1996]. 
? Abu Roash “B” member 
It consists mainly of compacted, dense hard limestone, occasionally recrystallized with few shale beds 
deposited under marine to inner shelf environment. It conformably overlies the Abu Roash “C” 
member and underlies the Abu Roash “A” member.  
? Abu Roash “A” member 
This member is composed of alternating limestone and grayish green calcareous shales, deposited in 
marine environment with no significant porosity [Rhodes et al. 1972]. It conformably overlies the Abu 
Roash “B” member and unconformably underlies the Khoman Formation. 
The Abu Roash members “A” and “B” are open marine and outer-shelf with paleowater depth from 
100 to 200m [Abd El Kireem et al. 1996]. 
In the study area, Abu Roash Formation was encountered at depths between 1630m at BED 2-1 well 
and 2730m at BED 3-10 well. The depth to the top surface increases generally towards the center of 
the area with the deepest value in BED 3 concession.  The maximum recorded thickness of the entire 
Late Cretaceous Abu Roash Formation ranges from 497 to 811 m, at SIT 4-1 well and BED 17-1 well, 
respectively. A general pattern of increasing thickness towards the northeastern part, particularly at 
BED 17-1 well is observed. The thickness distribution of the Abu Roash Formation may be controlled 
by Late Cretaceous tectonic events of a short-lived compressional phase. This event resulted in a 
depocentre location that differs from the underlying early Late Cretaceous Bahariya Formation.  
Two erosional events are assumed. The first one occurred at the uppermost part of Abu Roash “A” 
member, with calculated eroded thicknesses between 20m to 100m at SIT 4-1 well and SIT 7-1 well, 
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respectively. The second erosional event occurred during the Cenomanian-Turonian transit zone, 
particularly between the two members called Abu Roash “F” and “G”. This period represents inversion 
of the half-grabens due to a short-lived compressional phase. The calculated eroded thickness ranges 
between 10m and 60m, at SIT 4-1 well and BED 3-10 well, respectively. The values increase towards 
the center. 
2.8.3.3.8 Khoman Formation  
It was deposited in deep open marine to outer shelf conditions. It overlies unconformably different 
units of the Abu Roash Formation, particularly in the structurally highest areas [Hantar 1990]. This 
section is characterized by low permeability. The top and base of Khoman Formation are marked by 
two regional unconformities. The study of the palynomorphs and planktonic foraminifera proves the 
existence of a regional hiatus between Khoman Formation and the underlying Abu Roash Formation 
[Abd El Kireem and Ibrahim 1987; Schrank and Ibrahim 1995]. The amount of unconformity 
depended on the position on the structural and/or topographic high and the magnitude of the uplift 
[Hume 1911; Shukri 1954; Amin 1961; Said 1962]. Khoman Formation exhibits a marked change in 
facies, showing two main lithological units. Earliest sediments are composed of interbedded shales 
and tight highly argillaceous limestones with rare sand intervals, Khoman “B” member. This sequence 
is overlain by massive fine-grained, white chalky limestone with cherty bands, Khoman “A” member, 
frequently argillaceous in the lower part [Fawzy and Dahi 1992]. Khoman Formation was deposited 
deeper in the upper slope (200-600 m) and middle slope (>600 m) [Abd El Kireem et al. 1996].  
In the study area, Khoman Formation was encountered at depths between 1097m at BED 2-7 well 
and 1723m at BED 3-3 well. The depth to the top surface of the Khoman Formation increases 
generally towards the center of the area with the deepest value in BED 3 concession. The maximum-
recorded thickness of the entire Campanian-Maastrichtian (Late Cretaceous) Khoman Formation 
ranges from 490 to 1146m, at BED 17-1 well and BED 3-10 well, respectively. The thickness 
distribution of the Khoman Formation gives an indication of the maximum and active subsidence and 
development of the basin during the Late Cretaceous.  
The regional uplift of the uppermost part of Abu Roash “A” member resulted in a local inversion of the 
basin and therefore a different depocentre that affects the thickness pattern of Khoman Formation. 
Based on a well calibrated model, the eroded thickness of the uppermost part of Khoman “A” 
member, range form 60m to 200m at BED 3-10 well and BED 2-1 well, respectively. The eroded 
thicknesses decrease towards the center of the area. 
2.8.4 Cenozoic 
At the end of Cretaceous time, sedimentation continued in the structurally low and subsiding areas, 
but depositional gaps and erosional truncations were common on the pre-existing highs, which were 
reactivated, especially during the Paleocene [Schlumberger 1984].  
2.8.4.1.1 Esna Formation  
It consists of light, chalky, occasionally reefal limestone, alternating with a variable content of 
fossiliferous shales [Schlumberger 1984]. It is commonly missing because of uplifting and erosional 
truncation [Fawzy and Dahi 1992]. 
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2.8.4.1.2 Apollonia Formation  
Consists of an open marine sequence of white to light grey, hard dense, cherty limestone occasionally 
chalky, with some shaly zones. This formation is characterized by low permeability and medium 
porosity limestone. It overlies unconformably the Late Cretaceous Khoman Formation. It is divided 
lithologically and partly paleonologically into four units, arranged from top to bottom as follow: 
Apollonia (A) (Middle-Late Eocene) massive chalky limestone; Apollonia (B) (Middle Eocene) mainly 
shale; Apollonia (C) (Middle Eocene) glauconitic limestone; and Apollonia (D) (Late Paleocene-Early 
Eocene) limestones with shale intercalations [Fawzy and Dahi 1992]. The maximum penetrated 
thickness of the Apollonia Formation in Egypt is 3000 m in Gindi Well No.1 [Bakry 1993].  
In the study area, Apollonia Formation was recorded with depths between 864 m at BED 2-7 well and 
1166m at BED 3-3 well. The depth to the top surface increases generally towards the center of the 
area with the deepest value in BED 3 concession. The maximum recorded thickness of the entire Late 
Paleocene-Late Eocene Apollonia Formation ranges from 233 m to 595 m, at BED 2-7 well and BED 
17-1 well, respectively. The thickness distribution of the Apollonia Formation gives an indication of the 
active subsidence that occurred during Early Eocene. It shifted the location of the depocentre from 
that of underlain Khoman Formation located at the center of the area to a new location at BED 17-1 
well. Possibly due to the reactivation of the fault plane or subsidence of the BED 17-1 well block. The 
eroded thickness of the uppermost part of Apollonia “A” member ranges form 10 m to 100 m at SIT 4-
1 well and BED 2-1 well, respectively. The eroded thicknesses increase northwards and eastwards. 
2.8.4.1.3 Dabaa Formation  
Consists of argillaceous carboniferous shales with glauconitic, sandy limestone interbeds of shallow 
marine environment. It overlies unconformably the Apollonia Formation and is overlain conformably 
by the Moghra formation [Fawzy and Dahi 1992]. 
In the study area, Dabaa Formation is recorded all over the area with depths between 370 m at BED 
2-1 well and 695 m at BED 3-10 well. The depth to the top surface of the Dabaa Formation increases 
generally towards the center of the area with the deepest value in BED 3 concession. The maximum 
recorded thickness of the Late Eocene–Late Oligocene Dabaa Formation ranges from 380 m to 510 m, 
at BED 2-7 well and SIT 1-1 well, respectively. A general pattern of increasing thickness towards the 
center of the area, particularly in SIT concession, is observed for the Dabaa Formation. The uniform 
thickness distribution of the Dabaa Formation is closely related to and affected by the eroded 
topographic paleo relief surface of the underlying Late Paleocene-Late Eocene Apollonia Formation.  
2.8.4.1.4 Moghra Formation 
Consists of shallow marine light-colored sandstone, siltstone interbedded soft shales with thin beds of 
limestone deposited in deltaic environment. It overlies conformably the Dabaa Formation and is 
overlain unconformably by the Marmarica Formation if present [Fawzy and Dahi 1992]. 
In the study area, Moghra Formation is recorded in all wells with variable thickness. The maximum 
recorded thickness of the Late Oligocene-Middle Miocene Moghra Formation ranges from 320 m to 
677 m, at BED 2-1 well and BED 3-3 well, respectively. The depocentre shifted from that of Dabaa 
Formation to BED 3-3 well. An anomalous thickness of 615 m is recorded at the southeast corner of 
the area, particularly at SIT 7-1 well. The distribution of the Moghra formation thickness is closely 
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related to the topographic paleo relief of the underlying Late Eocene-Early Oligocene Dabaa 
Formation. Based on a well calibrated model, the eroded thickness of the uppermost part of Moghra 
Formation ranges form 85 m to 250 m at SIT 7-1 well and BED 2-1 well, respectively. A local large 
eroded thickness of 180 m was modeled at BED 3-3 well.  
2.8.4.1.5  Marmarica Formation  
Shallow to marginal marine limestone with some shale intercalations in the lower part. It is present in 
the northern part of the Western Desert, while is absent in the south [Fawzy and Dahi 1992]. 
2.8.4.1.6 Recent Deposits  
In Pliocene-Quaternary, marine, near-shore deposits were restricted to the northernmost part of the 
Western Desert, along the coastal area. They consist of sandstone, sandy fossiliferous limestone and 
limestone bars [Schlumberger 1984]. 
2.9 STRUCTURAL FRAMEWORK  
The basic structural elements of the Western Desert (Figures 1.1 and 2.2) are oriented NE to ENE, E-
W and WNW to NW, to some extent reflecting the two dominant WNW-ESE, ENE-WSW trends in the 
basement, where ENE-WSW depressions and ridges alternate [Meshref 1990]. Some of the present 
highs have persisted since their inception in Early Mesozoic (e.g. Umbarka High, Qattara-Sharib Ridge, 
Sitra Platform, Bahariya High and the bordering Misawag Graben, Ghazalat and Abu Gharadiq Basins). 
Others are due to inversions that occurred in Senonian-Eocene time or earlier (esp. Paleozoic and 
Jurassic): the Meleiha Swell, Dabaa and Mamura Highs, Marmarica Platform, Natrun and Kattanyia 
Ridges [Sestini 1995]. The region consists of several small rift basins, some of which date back to the 
Permian, but the majority of which can be considered to have initiated in the Late Jurassic Early 
Cretaceous [Guiraud 1998].  
The dominant structural style of the Western Desert comprises two systems: a deeper series of low-
relief horst and graben belts, separated by master faults of large throw, and broad Late Tertiary folds 
at shallower depth [Sestini 1984]. 
Abu Gharadig basin is a rift basin bounded to the north and south by two right-lateral shears and from 
the east and west by northwest trending normal faults [Meshref 1990]. It was formed during the 
Albian, reached maximum subsidence in the Late Cretaceous (Maastrichtian) and was subsequently 
inverted during the Paleocene-Eocene [Lüning et al. 2004]. It seems to be a continuous basin with a 
major uplift along its center that divides it into north Abu Gharadig Basin and south Abu Gharadig 
Basin [Meshref 1990]. The structural pattern of Abu Gharadig Basin is dominated by NE-SW oriented 
faults coupled with a strong pattern of NW–SE conjugate faults. These fault patterns suggest regional 
wrench movement [Abd El Aal 1988]. This in turn subdivided the basin into several structural units of 
varying importance named from E to W: the Mubarak High, the Abu Gharadig Anticline and the Mid 
Basin Arch [Meshref 1990]. 
2.9.1.1 Fault pattern 
Three different types of faults affected the Abu Gharadig basin, which are normal, reverse and strike–
slip (right–and left– lateral) faults, (Figures 2.15 and 2.16). The most predominant faults were 
initiated as simple tensional normal faults, trending mainly E-W, ENE and WNW wards, but then 
developed a strong right lateral component. The reverse faults are relatively few with ENE and E-W 
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trends, while the strike slip faults are rarely encountered. The first set of fault (E-W) is of Late 
Jurassic–Early Cretaceous age, while the second ENE set of fault is Cretaceous in age and younger 
[Meshref 1996]. Strike slip movements seem to have affected the orientation of many of the fold 
axes. The strike slip movements were probably related to the lateral movements which the African 
plate underwent during the Jurassic and the Late Cretaceous [RRI 1982]. The maximum throw of the 
Eocene section, Apollonia Formation, is limited to about 50–100 m [Abed El Semia 2004].  
A characteristic feature of many faults is their upwards decreasing dip, attributed to reactivation 
[Bayoumi and Lotfy 1989]. 
 
 
 
 
 
 
 
 
 
 
Figure  2.15: Schematic geological cross section along northwestern Egypt. Vertical exaggeration X13. 
Legend: 1, Pan African basement; 2, Paleozoic; 3, Jurassic, mainly marine (vertical bars) or mainly 
continental (stippled); 4, Cretaceous, the black line corresponds to the top Alamein dolomite (~top Aptian); 
5, Cenozoic cross sections. It shows the general structural of unstable shelf and stable shelf. The section 
pathway panel of the cross sections is in NNW-SSE direction [Guiraud and Bosworth 1999]. 
 
 
 
 
 
 
 
 
 
 
 
Figure  2.16: Schematic geologic cross sections showing the general structural of the unstable and stable 
shelf of northern part of the Western Desert, Egypt. The section pathway panel of the cross sections is 
NW-SE direction (modified after [Salem 1976; Guiraud and Bosworth 1999]).  
 
In the subsurface, three main levels of faulting can be recognized: 1. Latest Jurassic-Neocomian to 
Late Aptian; 2. Cenomanian-Turonian to Early Senonian “intra-Khoman”, and, along the basins 
margins; 3. faults extending to top Maastrichtian resp. Eocene limestones. Ridges and horsts display 
extensive Late Senonian-Eocene erosion (e.g. Kattanyia Ridge: [Abd El Aal et al. 1990 b]; Razzak-
Alamein Ridge: [Shawky Abdine et al. 1993]. 
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2.9.1.2 Fold pattern  
The major folds owe their origin to compressional movements, which affected the area during the 
Late Cretaceous-Early Tertiary tectonic events [RRI 1982]. These folds are aligned in a general NE–
SW trend (Syrian Arc System) and plunge down to the southwest [Kostandi 1963].  
The Syrian arc system folds are severely fractured and faulted. The main fracturing is in direction NW-
SE, but some faults have an axis running parallel to the axis of the structures themselves (NE-SW)  
[Said 1962]. In addition, there are other folds, which owe their origin to normal or horizontally 
displaced faults. These folds are usually confined to fault blocks, with folding axes parallel, oblique or 
perpendicular to the fault block trend [RRI 1982]. 
2.9.1.3 Unconformity surface  
Unconformities are present at various stratigraphic levels. A number of these unconformities are 
known through the Paleozoic; they are consequences of Early Paleozoic CALEDONIAN and Late 
Paleozoic HERCYNIAN tectonic events, which caused the north-south folding and block faulting 
system. These events were followed by Late Jurassic LATE KIMMERIAN and then Cretaceous-Tertiary 
LARAMIDE tectonic events which had a marked effect on the Mesozoic-Early Tertiary succession. 
These events were responsible for the unconformities known at different stratigraphic levels within the 
Jurassic, Cretaceous and Early Tertiary sections. Unconformable relations of the Cretaceous-Tertiary 
contacts are associated with the Syrian Arc fold system.  
2.10 GEOLOGIC HISTORY  
2.10.1 Paleozoic tectonics 
2.10.1.1 Cambrian–Ordovician 
The Cambrian is dominantly represented by clastic facies, of fluvtile origin. However, late Early 
Cambrian carbonates developed in association with a short-lived transgression. By the end of 
Cambrian, a brief drop in sea level was registered along the African margin, which reflects, in part, 
regional uplift caused by gentle tectonic deformation [Fabre 1988].  
The Cambro-Ordovician times was dominated by the deposition of clastics derived primarily from 
crystalline basement rocks, to the south and west [Fawzy and Dahi 1992]. The Cambrian-Ordovician 
transition SARDINIAN tectonic event [Wennekers et al. 1996] was responsible for systematic hiatuses 
or slight unconformities in sedimentary sequences. 
Terrigenous facies were predominant during Early Ordovician, through a marine transgression 
[Beydoun et al. 1994]. Major glaciations, leading to low sea level, occurred by uppermost Ordovician. 
Fluvio-glacial sandstones, including quartz pebbles were deposited along Middle Egypt [Guiraud and 
Bosworth 1999]. The very frequent presence of unconformities on the top of Ordovician formations 
has been taken to reflect Taconian events [Abed et al. 1993; Stump et al. 1995; Wennekers et al. 
1996].  This Ordovician tectonic instability is also evidenced by the uplifted arches of Bahariya and 
Sharib–Sheiba [Keeley 1989; Issawi 1996]. 
2.10.1.2 Silurian 
The Early Silurian was characterized by a global high sea level [Ross and Ross 1988], accompanied by 
a major transgression on the northern African Platform. Shallow marine domains developed west and 
RWTH-Aachen University⎪Geology and Petroleum Geology Of Egypt⎪2008 
Institute Of Geology And Geochemistry Of Petroleum And Coal⎪Geologic History⎪43 
east from Egypt, characterized by the deposition of graptolite shales. A sandstone belt fringed the 
shorelines and fluviatile basins occurred in the continental domain [Guiraud and Bosworth 1999]. 
During the Late Silurian, sandstone deposition dominated prior to tectonic activity (ARDENNIAN 
event), a period of a Cratonic tilt and up-lift [Fawzy and Dahi 1992], expressed by frequent Late 
Silurian–Early Devonian Hiatuses and unconformities in Egypt [Stump et al. 1995; Wennekers et al. 
1996; Semtner et al. 1997]. 
2.10.1.3 Devonian 
In Devonian time, a major marine transgression covered the western part of the Western Desert (at 
the border between Egypt and Libya) which led to the deposition of marine and fluvio deltaic shale, 
limestone and sandstone sediments in a north-south trending complex [Fawzy and Dahi 1992]. Some 
magmatic activity, basalt flood, is reported along the Sheiba High [Meneissy 1990].  
During the Middle and Late Devonian a limited transgression accompanied by deposition of limestones 
and shales occurred in the Ghazalat Basin [Guiraud and Bosworth 1999]. Ghazalat basin was folded 
and inverted [Keeley 1989], reflecting the Bretonian event [Wennekers et al. 1996]. 
2.10.1.4 Carboniferous 
The Early Carboniferous witnessed a high sea level along the African-Arabian margin. A regression 
took place, followed by the deposition of the fluvio-deltaic sediments known as the Disouqy Formation 
[Fawzy and Dahi 1992]. During the early Middle Carboniferous, low sea level prevailed and the marine 
domain was limited to northeastern Egypt. A major unconformity, Saalian-Unconformity, marks the 
Carboniferous-Permian transition over a large area [Guiraud and Bosworth 1999]. These deformations 
represent regional echoes of stronger deformations registered along the plate margin ASTURIAN 
event [Ziegler 1990]. 
2.10.1.5 Permian 
Contacts with underlying and overlying units generally show unconformities related to tectonic events 
followed by erosion. The Pre-Permian Saalian unconformity is well documented in northwestern Egypt 
[Keeley 1994]. The Permian-Triassic transition is often marked by hiatuses, accompanied by minor 
unconformities [Fabre 1988]. These deformations correspond to the PALATINIAN tectonic events. 
2.10.2 Mesozoic tectonics 
2.10.2.1 Triassic 
During the Permo-Triassic to Early Jurassic time a period of tilting and uplift prevailed in the Western 
Desert with the deposition in structurally low areas of the exposed Paleozoic sediments of (Ghiarabub-
Siwa Basin) that inverted at that time, of red beds and sands, devoid of fauna, known as the Eghei 
[Fawzy and Dahi 1992]. Following the Late Triassic-Early Jurassic, the area was subject to extensional 
stress, EARLY KIMMERIAN, resulting in the formation of ~E-W trending Half-grabens along the 
northern Egyptian shelf [Moustafa and Khalil 1990; Hirsch et al. 1995; Guiraud and Bosworth 
1999].This general extensional regime is thought to have been interrupted by several short-lived 
compressional phase [Khaled 1999]. The basement rocks, together with the overlying Paleozoic 
sedimentary rocks, were faulted during the Early Jurassic, resulting in the creation of basins that were 
aligned northeast-southwest [Salem 1976] (Figure 2.17). 
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Figure  2.17: Diagrammatic cross sections showing tentative geologic evolution of the northern part of the 
Western Desert, Egypt [Salem 1976]. 
 
2.10.2.2 Jurassic 
During the Early Jurassic, low sea levels prevailed  [Guiraud and Bosworth 1999]. Local unconformities 
[El Toukhy et al. 1998] and magmatism [Mahmoud and El Barkooky 1998] are registered in 
northwestern Egypt. The Middle Jurassic was characterized by a transgressive cycle along the margin, 
interrupted by minor regressions marked in the northwestern Egypt [Mahmoud and El Barkooky 
1998], and a general regression by early Late Jurassic [Hirsch 1990]. During the Jurassic, the Sharib-
Sheiba area was structurally high and received either no or thin Jurassic sediments. The Abu Gharadig  
province contains a very thick Jurassic section  [Fawzy and Dahi 1992]. 
A strong tectonic activity, referred to as the LATE KIMMERIAN Orogenic event in southeastern Europe  
[Nikishin et al. 1999], occurred at the Jurassic-Cretaceous transition, marked by very frequent 
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unconformities and gaps in the series which are particularly important along northern Egypt [Keeley 
and Wallis 1991; Abd El Aziz et al. 1998; El Toukhy et al. 1998]. These phenomena are associated 
with uplift, block-tilting and sometimes slight folding caused by local transgression[Guiraud 1998],  
Moreover, regional subsidence resumed, resulting in a progressive tilting of the Sitra platform towards 
the north accompanied by minor faulting [Macgregor 1998]. 
2.10.2.3 Cretaceous 
During the Neocomian and Barremian, continental rifting was very active in Africa-Arabia [Guiraud and 
Maurin 1992]. Dominantly east-west trending rifts developed in northern Egypt [Bayoumi and Lotfy 
1989; Moustafa et al. 1998], for example, the Abu Gharadig  basin. These rifts were filled by thick 
fluviatile-lacustrine series, while low sea levels prevailed [Guiraud and Bosworth 1999]. 
In the Aptian–Albian times, the Qattara Ridge became uplifted and subjected to erosion or non-
deposition prior to the onlap of the Late Albian–Cenomanian clastics. The major fault zone that 
separates the Qattara Ridge from the Abu Gharadig basin was actually already active during Late 
Jurassic times and also active in Aptian times [Macgregor 1998]  
During Late Turonian to Maastrichtian the Abu Gharadig basin reached its maximum development, 
while clastic starvation conditions prevailed in the Abu Gharadig, Natrun and Kattanyia areas, which 
led to the deposition of the very thick Khoman Formation  [Fawzy and Dahi 1992]. 
During Late Cretaceous times, tectonic activity increased drastically with a higher rate of displacement 
along the already existing faults, sometimes associated with lateral displacement [Macgregor 1998].  
This tectonic activity corresponds to the ALPINE OROGENIC phase, namely LARAMIDE  tectonic 
events, and resulted in the elevation and folding of major portions of the north Western Desert along 
an east–northeast west-southwest trend SYRIAN ARC SYSTEM and in the development of faults with 
considerable displacement [Hantar 1990]. 
2.10.3 Cenozoic tectonics 
2.10.3.1 Paleocene - Eocene 
The Late Paleocene registered tectonic instability. Active subsidence affected parts of the Abu 
Gharadig  Basin and the Gindi Basin of northern Egypt [Said 1990 a]. 
By Middle-Late Eocene transition times a brief, strong event occurred, called PYRENEAN, which 
resulted in the EOCENE INVERSION PHASE. Folding developed along the unstable shelf [Röhlich 
1991]. Many ~E-W striking extensional faults were reactivated as reverse faults in northern Egypt [El 
Toukhy et al. 1998]. A period of tilting and uplift prevailed, which imposed most of the major present 
day structural features such as the Mubarak High and the Kattanyia horst, where much of the 
Cretaceous section has been eroded and where the Eocene is thin or absent [Fawzy and Dahi 1992]. 
2.10.3.2 Late Eocene to Pliocene 
After a regression due to the Eocene inversion phase, a transgression began in the uppermost Eocene 
and continued during the Early Oligocene. Some deltas developed, fed by rivers appearing because of 
the uplift of large continental domains.  
In the Early-Middle Miocene, a new stage of folding affected the unstable shelf. In the continental 
areas, large domains were uplifted, for example south central Egypt. 
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The Messinian registered a strong drop of the Mediterranean Sea level [Hsu et al. 1973], due to the 
ATTICAN tectonic Activity. Associated with the marine regression, evaporates were deposited along 
the margin [Rizzini et al. 1976]. The maximum of the sea level fall was greater than 2500 m [Said 
1981]. 
2.10.3.3 Quaternary and Neo-tectonics 
Continental facies are dominant and show the alternative influence of several pluvial and interpluvial 
episodes, mainly represented by alluvial fan, braided stream, dune and sabkhas accumulations [Said 
1990 b; Pachur and Altmann 1997].  
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3. THEORETICAL ASPECTS 
3.1 INTRODUCTION  
Deposited organic matter experienced five stages during maturation: 1. microbial degradation, 2. 
condensation, 3. organic diagenesis, 4. thermal alteration and 5. organic metamorphism [Hunt 1974]. 
Stages one to three are low-temperature chemical and biological reactions called diagenesis, occurring 
during early burial in the depositional environment. During diagenesis significant transformation of the 
organic matter occurs: parts of the molecules are lost (defunctionalisation), hydrogen is added 
(hydrogenation) or structural changes (isomerisation, aromatisation) take place [Littke and Welte 
1992]. Most of the persistant organic matter is transformed during diagenesis into 
geomacromolecules, called Kerogen. Kerogen is to a great extend derived from macromolecules in 
lipid or lignin-rich fractions of biomass that form resistant parts of organisms as membranes, inner cell 
walls of woody material, cuticles, spores, pollen etc [Littke and Welte 1992]. The earliest stage of 
hydrocarbon generation occurs during diagenesis (certain microorganisms, called methanogens, 
convert some of the organic debris to biogenic methane). 
As burial depth increases, porosity and permeability decrease, and temperature increases (Figure 3.1). 
These changes lead to a gradual cessation of microbial activity, and eventually stopping 
methanogenesis completely. As temperature rises, however, thermal reactions become increasingly 
important. During this second transformation phase called catagenesis, kerogen begins to decompose 
into smaller, more mobile molecules. In the early stages of catagenesis, most of the molecules 
produced from kerogen are still relatively large; these are the precursors for petroleum, and are called 
bitumens. Petroleum is generated when kerogen is chemically broken down because of rising 
temperature. For typical rates of heating, a stage of oil generation at approximately 100-150°C is 
followed by a stage of oil cracking to gas at 150-180°C and finally by dry gas generation at 150-220°C 
[Allen and Allen 2005]. In the late stages of catagenesis and in the final transformation stage, called 
metagenesis, the principal products consist of smaller gas molecules (Figure 3.1). During this final 
stage, the organic matter is degraded to carbon dioxide and returns to the aquatic carbon cycle. Once 
formed, oil and gas molecules are expelled from the source rock and migrate into the permeable 
reservoir beds. Migration through conduits often leads to traps, where hydrocarbon movement ceases 
and accumulation occurs.  
 
 
 
 
 
 
 
 
 
 
Figure  3.1: The origin and maturation of petroleum [Hunt 1995]. 
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PART I: BOREHOLE GEOPHYSICS 
3.2 ELECTRICAL PROPERTIES OF ROCKS 
3.2.1 Nature of electrical resistivity of reservoir rocks 
Sedimentary rocks are usually porous. The pores generally filled with conductive pore water 
containing dissolved salts. In addition to water, reservoir rocks may also contain oil and/or natural 
gas. The reservoir rocks in situ are usually conductors. Because of oil and natural gas are insulators, 
the electrical conduction attributed to the presence of water as a result they are electrolytic conductor 
of intermediate resistivity. 
Because electric charge carried through sedimentary rocks by ions within the formation water, the 
parameters that affect formation water resistivity also affect rock resistivity. In electrolytic 
conductance, the conductivity of a solution depends on: (1) The number of ions present in the 
solution, called concentration, (salinity), of formation water; (2) The velocity at which the ions move 
through the solution; and (3) The charge of the ions, which is dependent on the type of salt in 
solution. 
3.2.2 Electrical double–layer conductance 
Claystone is a sediment containing grains less than 0.004 mm in diameter. The clay minerals are 
phyllosilicates essentially composed of hydrous Aluminus silicates and Alumina, Al2O3. Shale, on the 
other hand, is sediment composed of clays and a variety of other fine–grained compounds. Because 
shale is rich in clay minerals, the terms clayey and shaly are interchangeably used in well logging. 
In clay/liquid systems, a double layer of electrical charge exists. The double layer consists of the 
particle charge and an equivalent amount of ionic charge accumulated in the liquid near the particle 
surface. The accumulated ions are called the counter ions, (Figure 3.1). The counter ions are electro-
statically attracted by the oppositely charged surface. However, these ions exhibit a tendency to 
diffuse away from the surface toward the bulk of the solution, where the charge concentration is 
lower. [Gouy 1910] was the first to recognize these diffusion characteristics of the counter ions. 
This high concentration of mobile cations near the clay’s surface results in an excess conductance. 
This excess conductance is called the surface conductance, double–layer conductance, or clay 
conductance. Because clay minerals tend to have very large surface areas, especially compared with 
quartz, the clay surface conductance can be considerable.  
3.2.3 Distribution of clays in sandstones 
The clay material, often referred to as “shale” is distributed in sand formations in three different 
forms: laminated, structural, and dispersed (Figure 3.2). 
Within a sand body, thin lamina of clay and other fine-grained materials may occur. They are of 
detritic origin, are formed outside the sandstone framework, and called are laminated clays or shale. 
Although the laminae themselves do not affect the porosity or permeability of the sand streaks, they 
exhibit a lateral continuity and act as vertical permeability barriers (Figure 3.3). Clay can be of 
digenetic origin formed with the sand framework. One source of digenetic clay is the in–situ alteration 
of non–quartz particles by reaction with formation water. The most common alterations are those of 
feldspars to kaolinite and hornblende to chlorite. This leads to structural clays (Figure 3.3). Diagenetic 
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sands, (Figure 3.3), however, usually contain as dispersed clays, which develop when clay crystals 
precipitate from pore fluids. Precipitation occurs in response to pore water chemistry changes brought 
about by filtration through shale or by temperatures and pressure changes during burial and 
compaction of sediments. Dispersed clays can occur in pores as discrete particles, that form a 
relatively thin and continuous coating that can markedly reduce the permeability of the formation 
[Neasham 1977]. 
 
 
 
 
 
 
 
 
 
 
Figure  3.2: Shows a schematic of charge distribution in shaly sand. Nearly all the fixed ions are negative 
and reside on the clay’s surface. The positive counter ions still free to move when subjected to an 
electrical field [Winsauer and McCardell 1953].  
 
 
 
 
 
 
 
Figure  3.3: Shows clay (shale) distribution modes [Bassiouni 1994]. 
 
3.2.4 Electric resistivity logs 
A medium in the field is less homogeneous in several ways. The existence of a hole filled with drilling 
mud, the presence of multiple formations, and the inevitable nonhomogenities within the formations 
affect the configuration of the equipotential surfaces and the resulting potential difference observed at 
the measuring electrodes. The electric log used to record simultaneously or alternately several 
apparent resistivity curves of different radii of investigation are required to define the resistivity 
distribution around the well bore. Several readings are also required to detect invasion.  
Several tools of different designs used to measure the electric resistivity of the formation penetrated 
by a borehole. These include, focused current or induction tools. The response of each of these tools, 
recorded when they positioned opposite to a formation of interest, is a weighted average that reflects 
the different zones surrounding the tools. These zones are: 1) the drilling fluid and mudcake zone, 
usually called the borehole zone, 2) the first few feet of the formation invaded by the mud filtrate, 
usually called the invaded or flushed zone; 3) the formation zone beyond the invaded zone, usually 
 
 
 
 
 
 
  A. Dispersed   C. Structural  B. Laminated
Clay Sand
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known as the uninvaded zone (virgin zone of the formation of primary interest to the log analyst), and 
4) the bed adjacent to the formation of interest. 
The tool response used to calculate a resistivity parameter is termed apparent resistivity. The 
contribution of each of the above-mentioned four zones to the calculated value of the apparent 
resistivity determined by the zone resistivity, geometries, and the tool type and design.  
3.3 ACOUSTIC PROPERTIES OF ROCKS 
This type of logging uses the propagation of acoustic waves within and around the borehole. Acoustic 
properties measured in well logging are compressional–and shear wave velocities. The measurements 
of wave velocities can be used to evaluate formation porosity, lithology, as well as bulk and pore 
compressibility [Jennings and Timur 1973]. Acoustic logging in open holes consists mainly of acoustic 
velocity measurements usually called a sonic log. It is a record of the time required for an acoustic 
wave to travel a given distance through the formation surrounds a borehole (Equation 3-1). 
Equation  3-1: Acoustic transit time– acoustic velocity relationship 
 
 
 
 
3.4 RADIOACTIVE PROPERTIES OF ROCKS 
Because rocks contain various amounts of unstable elements, they exhibit a certain level of natural 
radioactivity. Those of significant abundance in sedimentary rocks are Uranium–Radium series, 
Thorium series, and Potassium–40 (K40). 
The radioactive material originally occurred in the igneous rocks, subsequently distributed unequally 
throughout sedimentary formations during erosions, transport, and deposition. Natural radioactivity is 
a function of the type of the formation, its age and the method of deposition [Dresser Atlas 1982]. 
Radioactive elements tend to accumulate in clay minerals, which in turn concentrate in shales, and 
other fine sediments.  Chemically reactive surfaces of clay particles absorb radioactive minerals. On 
the average, shale contains 3 % Potassium, 6 ppm Uranium, and 20 ppm Thorium. By contrary, clay 
free sandstone contains hardly radioactive minerals because generally the chemical environment that 
prevails during their deposition is not favorable for the accumulation of radioactive minerals. 
Sandstone averages 1% Potassium, 6 ppm Uranium and 20 ppm Thorium [Lane Wells Co. 1958]. 
The background levels of radioactivity that show up on a gamma ray log are primarily derived 
potassium. Organic matter is deposited in a marine environment, it tends to concentrate the Uranium 
from seawater and pore fluids [Hunt 1995]. 
3.4.1 Gamma ray log 
A gamma ray log provides a measure of the total natural radioactivity of the formation, regardless of 
its energy level or energy spectrum. The gamma ray log is a continuous recording of the total 
intensity of the natural gamma radiation emanating from the formations penetrated by the borehole 
vs. depth. It reflects the total radioactivity of the different formation that surrounded the well.  
A high level of radioactivity is not always associated with the presence of clay minerals.  Such 
anomalous cases include potash salts, which have high potassium content, and sandstones that 
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contain uranium or thorium salts. Use of natural radioactivity in lithology differentiation requires good 
knowledge of the local lithology [Bassiouni 1994]  
If two formations of different geological ages have the same amount of radioactive shale per unit 
volume, the gamma ray log response would be lower in the case of more consolidated and dense 
formations.  This is because the gamma ray absorption increases with the density of the medium 
through which it passes [Dresser Atlas 1982]. 
The gamma ray log used to delineate shale beds and to correlate between wells. When potassium is 
the only or the major contributor to shale radioactivity, the gamma ray log response used to estimate 
the shale content (Equation 3-2).  
Equation  3-2: A shale Index used to estimated the shale content [Schlumberger 1974].  
 
 
 
 
 
 
 
3.4.2 Density log   
The photoelectric absorption is sensitive to the atomic number, Z; hence, this physical principle is 
used in lithology determination. The Compton scattering cross section depends on the number of 
electrons per unit volume, known as electron density. Density logging is based on measuring emitted 
attenuation of the gamma rays caused by Compton scattering. 
A section of the formation adjacent to the wellbore irradiated with a stream of gamma rays called 
photons. When gamma rays traverse matter, some are absorbed, some pass through and some are 
"scattered". Actually, scattering is the creation of new photons that travel in different directions from 
those of the incident photons. The ability of a formation to attenuate these bombarding gamma rays 
is measured by recording the intensity of the scattered gamma rays at two fixed distance from the 
gamma ray source [Dresser Atlas 1982]. 
3.4.3 Neutron log 
Neutrons constituents of the atom cores, exhibits a high penetration potential because of the lack of 
an electric charge. The neutron undergoes beta decay and turns into a proton and an electron. For 
this reason, free neutrons rarely exist in nature. Free neutrons usually are created by either 
spontaneous or artificially induced nuclear reactions. 
Neutrons interact with the individual nuclei of the materials as they move through it. The type of the 
interactions that take place depends largely on the energy of the neutron. There are two types of 
interactions: moderating and absorptive. Moderating interactions, which can be elastic or inelastic, 
result in the slowing down of the neutron, i.e., the loss of energy. The absorptive reactions result in 
the disappearance of the neutron in its free form. Neutrons are absorbed by activation processes or 
radioactive capture processes [Tittman 1986]. Neutrons at any energy levels leading to their capturing 
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in nuclei resulting in a heavier isotope in an activated state. The activated nucleus releases the excess 
energy in the form of gamma photons referred to as gamma rays of capture (relaxation). 
The neutron capture results in a radioactive isotope. This isotope usually decays by emitting a charged 
particle. The emission occurs, however, much later than the gamma ray emission [Bassiouni 1994]. 
The neutron logs responses are primarily a function of hydrogen nuclei concentration, regardless of 
the nature of the molecules containing the hydrogen atoms. It is proportional to the quantity of the 
hydrogen per unit volume of formation near the borehole with the hydrogen index of fresh water at 
surface conditions given the reference value (1).  
Accordingly, the chemically bound waters of gypsum or clay affect the neutron log. Neutron log 
porosities are, therefore, too high when hydrogen occurs either in the rock matrix or in dispersed 
solids in the pore space. This limits the usefulness of the neutron log in shaly sands and formations 
containing gypsum. However it may be used advantageously in conjunction with other porosity logs to 
determine porosity and to identify mixed lithology [Dresser Atlas 1982]. 
In clean water bearing formations, therefore, the neutron reading is directly related to porosities. For 
most oils, the hydrogen index will be virtually the same as in water, but gas and light oils have 
substantially lower hydrogen index values, which also vary with temperature and pressure. The 
presence of gas in the zone of investigation of the neutron log affects the neutron response by what is 
known as "excavation effect". Neutrons travel a longer distance before interacting with gas molecules 
compared to liquids. The effect of this intermolecular space termed he "excavation effect". Therefore, 
a neutron log underestimates porosity when gas or light oil is present within the zone of 
investigations. This characteristic can often be used to detect gas zones [Dresser Atlas 1982]. 
3.5 PROCEDURES OF FORMATION EVALUATION 
3.5.1 Formation temperature and Rw determination  
The formation temperature, (Equation 3-3), is an important parameter in log analysis because the 
electric resistivities of the drilling fluid, mud filtrate, and the formation water vary with temperature 
which is determined by Asquith’ formula [Asquith 1980] 
Equation  3-3: Formation Temperature Equation [Asquith 1980].  
 
 
 
 
 
 
 
The water resistivity, Rw, from SP module used to create a continuous Rw curve. A formation 
temperature curve must be entered. The result RwSP curve will be calculated and corrected to the 
output temperature entered. 
3.5.2 Clay volume analysis  
A problem of interpreting shaly formations is the calculation of porosity and water saturation 
considering the shale effect. Because the shale effect depends on the shale content, the estimation of 
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the Vsh is of prime importance. Qualitatively, Vsh indicates whether the formation is considered clean 
or shaly. This determines the types of the model or approach to be used for the interpretation. 
Quantitatively, Vsh used to estimate the shale effect on log responses and to correct them to the 
clean formation responses. 
3.5.2.1 Single clay volume indicator 
The volume of shale can be calculated using gamma ray (Equations 3-2, 3-4 and 3-5); neutron or 
resistivity logs (Equations 3-6 and 3-7):  
Equation  3-4: Shale index from Gamma Ray log. 
 
 
 
 
 
 
 
Shale index, ISh, first calculated from (Equation 3-4). The clay volume related to shale index. It is 
customary to assume that Vcl=ISh. This assumption, however, tends to exaggerate the shale volume. 
Therefore, several empirical relationships developed to correct the shale volume for different geologic 
ages and areas. The most notable correlations were developed by [Stieber 1970] as in (Equation 3-5): 
Equation  3-5: corrected volume of shale based on shale index [Stieber 1970]. 
 
 
 
 
 
Equation  3-6: volume of shale estimated from neutron logs  [PGL 2000]. 
 
 
 
 
 
 
 
Equation  3-7: volume of shale estimated from resistivity logs [PGL 2000]. 
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3.5.2.2 Double clay volume indicators 
The double indicators rely on the principle of defining a clean line and a clay point.  The clay volume 
calculated as the distance the input data falls between the clay point and the clean line, (Figure 3.4). 
These are indicators utilizing a pair of the porosity tools. These may be Neutron/Density, 
Sonic/Density or Neutron/Sonic combinations (Equations 3-8 to 3-10). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  3.4: Neutron / density crossplot that used as a double shale indicator [PGL 2000]. 
 
Equation  3-8: Shale volume estimated from Neutron/Density logs as a double shale indicator [PGL 2000] 
 
 
 
 
 
Equation  3-9: Shale volume estimated from Sonic/Density logs as a double shale indicator [PGL 2000]. 
 
 
 
 
 
Equation  3-10: Shale volume estimated from Neutron/sonic logs as a double shale indicator [PGL 2000]. 
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3.5.3 Porosity analysis 
3.5.3.1 Clean formation analysis  
On the basis of laboratory measurements of F and φ on core samples, [Archie 1942] suggested the 
following empirical relationship (Equation 3-11): 
Equation  3-11: Rock resistivity-porosity relationship [Archie 1942] 
 
 
 
 
 
Another empirical equation (Equation 3-12) relating F and φ was also suggested by the result of 
experimental measurements conducted by [Winsauer 1952]: 
Equation  3-12: Rock resistivity-porosity relationship [Winsauer 1952] 
 
 
 
 
 
The usefulness of (Equations 3-11 and 3-12) in determining F is governed by the values of "a" and 
"m". Theoretical and experimental investigation revealed that the values of "a" and "m" are mainly 
dependent on the pore geometry. The exponent "m" is dependant mainly on the degree of 
consolidation of the rock and is termed the cementation exponent. [Timur et al. 1972] studied a large 
number of sandstone formations and found that the coefficient "a" and "m" vary over wide ranges. 
The coefficient "a" varies from 0.35 to 4.78 and "m" varies from 1.14 to 2.52. 
The velocity of a compressional wave through a rock formation influenced both by the solid 
framework or rock matrix as well as by the fluids fillings the pore spaces. A relation, (Equation 3-13), 
defining a uniform intergranular porosity in terms of the total formation velocity, rock matrix velocity, 
and fluid velocity was proposed by [Wyllie et al. 1956] and suggested earlier by [Hughes and Jones 
1950] has been very popular with respect to logging approaches. 
This relation was experimentally determined and generally accepted as being substantially accurate 
for a broad-range of conditions. It is usually referred to as the Wyllie's time average formula. It is 
expressed as the reciprocal value of velocity, ∆t, or specific transit travel time. The use of this 
equation in a clean, compacted, and consolidated sandstones yields representative porosity values 
[Geertsma 1961]. 
Equation  3-13: Porosity-transit time relationship in compacted formation [Wyllie et al. 1956]. 
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Corrections for the degree of compaction (or lack of compaction) are necessary for unconsolidated 
sands. These sands are identified by adjoining shale sections in which transit travel times are greater 
than 100 msec/ft (velocity greater than 10,000 ft/sec). 
[Tixier et al. 1959] suggested the introduction of a compaction correction factor (Equation 3-14). 
Formations, which are not subjected to sufficient overburden pressures, do not have the necessary 
degree of compaction and rigidity for proper transmission of an acoustic wave.  With decreasing 
overburden pressure, the acoustic travel time through unconsolidated sands will increase 
disproportionately [Dresser Atlas 1982]. 
Equation  3-14: Porosity-transit time relationship in unconsolidated formation [Wyllie et al. 1958]. 
 
 
 
 
 
 
 
 
 
 
 
 
c= shale compaction coefficient, which is a constant which normally 1.0 [Hilchie 1978]. 
 
3.5.3.1.1 Shaliness corrections 
Most sand, whether compacted or unconsolidated, which contain appreciable amounts of shale or clay 
particles will exhibit longer transit travel times than clean sand of identical porosities in the same 
borehole environment. The increase in transit travel time primarily results from the difference in the 
velocities of the shale or clay particles and the sand matrix. For this reason, a correction has been 
introduced in order to obtain more reliable porosity values. Therefore, it is necessary to estimate the 
fractional shale volume from other log readings relying strongly on the shale content. 
The manner in which shaliness affects the sonic log response not only depends upon the amount of 
the shale present, but also upon the type of the distribution of the shale within the sand beds. 
In the case of laminated shale streaks, it may be assumed that these thin shale laminae have the 
same characteristics as the adjacent thick shale beds (Equation 3-15). The response of the shaly sand 
would accordingly be dependent on the shale content and shale properties. 
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Equation  3-15: Porosity of compacted laminated shaly formation [Dresser Atlas 1979] 
 
 
 
 
 
 
 
 
 
 
In uncompacted shaly sands, the porosity, corrected by the compaction factor cp, is (Equation 3-16): 
Equation  3-16: Porosity of uncompacted laminated shaly formation [Dresser Atlas 1979]  
 
 
 
 
 
 
 
 
 
 
 
 
When shale is present in the form of disseminated or dispersed clay particles in the interstices of the 
sand matrix, the sonic response is almost the same as if the total interstitial space was filled 
completely with water. The amount of dispersed clay in shaly sand is called the q factor. The fraction 
of the total porosity occupied by disseminated clay, (Equations 3-17 to 3-19), is the q factor: 
Equation  3-17: Porosity of compacted dispersed shaly formation. 
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Equation  3-18: Porosity of uncompacted dispersed shaly formation. 
 
 
 
 
 
 
 
 
Equation  3-19: the fraction of porosity occupied by disseminated clay is the q factor. 
 
 
 
 
 
3.5.3.1.2 Shaly formation analysis 
The presence of shale complicate the interpretation of the tool response because of the diverse 
characteristics of shales and the different responses of each porosity tool to the shale content. On the 
density porosity log, shales display low to moderate porosity values, (Equation 3-20), while on the 
sonic and neutron logs, shales display moderate to relatively high porosity values (Equations 3-21 and 
3-22). In a shaly liquid–filled formation assumed to have normal compaction and no secondary 
porosity. Therefore, the tool response expressed depends on the porosity, shale content and the fluid, 
shale and matrix properties.  
Equation  3-20: the density porosity in the formation of interest [Dresser Atlas 1979; Bassiouni 1994]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This value is calculated by assuming a certain ρma that corresponds to a clean formation (e.g. 2.65 
g/ccm in sandstones). The fluid type assumed liquid and then, ρf chosen accordingly. Because of 
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these assumptions, φD, is an apparent porosity. It is equal to the true porosity, φ   only in clean, and 
liquid filled- formations. The term (φD)Sh, is  the apparent density porosity displayed by the tool if 
placed in a 100% shale formation having the same characteristics as the shale present in the 
formation of interest (Equation 3-23).  
Equation  3-21: the neutron porosity in the formation of interest [Bassiouni 1994]. 
 
 
 
 
 
Equation  3-22: the sonic porosity in the formation of interest [Bassiouni 1994]. 
 
 
 
 
 
Equation  3-23: True effective porosity of a shaly formation in the zone of interest [Bassiouni 1994] 
 
 
 
 
 
 
The term, Vsh (φ a)Sh, regarded as a correction term. ・  
3.5.4 Water saturation analysis 
3.5.4.1 Fluid saturation in clean formation 
This section regards reservoir rocks, whose pore spaces are filled with both, brine and hydrocarbons. 
Because oil and gas are non-conductors, the resistivity of the rock partially saturated with 
hydrocarbons, Rt, is higher than the resistivity of the same rock completely saturated with water, RO. 
Formation resistivity increases with increasing hydrocarbon saturation. In true porous media, as 
hydrocarbon replaces water, the resistivity increases slowly at first, the oil or gas usually fill the center 
of the pores, leaving enough room for the current to flow. At higher hydrocarbon saturation, when 
most of the pore spaces are occupied by non-conductors, the resistivity will increase strongly 
[Bassiouni 1994]. 
The resistivity ratio is called the resistivity index, IR, IR= Rt / RO. The presence of hydrocarbon is 
indicated by the value of the resistivity index and not by the absolute values of Rt. By using 
experimental studies of clean formations (clay–free rock, or, rock containing moderate amount of 
clay) [Archie 1942] stated at the following empirical relationship (Equation 3-24). 
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Equation  3-24: Water saturation in a clean formation [Archie 1942]. 
 
 
 
 
 
The saturation exponent, n, depends on the rock type, primarily the manner in which the pores are 
connected. The values of, n, ranging from 1.0 to 2.5 have been reported in literature. For clean, 
consolidated sand, the value of n appears to be close to 2.0, so an approximate generalized relation 
written as shown in (Equation 3-25): 
Equation  3-25: the generalized Water saturation equation [Archie 1950]. 
 
 
 
 
3.5.4.2 Fluid saturation in shaly formations 
[Wyllie and Pantode 1950; De Witte 1957] concluded that, in addition to the conventional conductivity 
associated with the formation water, there is a conductivity component associated with the clay and 
this conductivity component is independent of the water resistivity (Equation 3-26). 
Equation  3-26: Simandoux water saturation equation [Simandoux 1963]. 
 
 
 
 
 
Where Φe= effective porosity that exclude the shale effect; VSh= bulk volume fraction of the shale, 
RSh= shale resistivity. 
[Fertl and Hammack 1971] used actual field examples that represent various amounts of shaliness. 
They recommended the use of their own empirical equations (Equation 3-27), which was found to be 
of acceptable statistical representativeness. It bears a few advantages compared to the Simandoux 
equation (Equation 3-26); it treats the shale effect as a correction term subtracted from the clean–
sand term. This equation holds the advantage of pointing out the practical aspects of the shale effect. 
First, treating shaly sand as clean will underestimate the potential of a hydrocarbon formation because 
of the high Sw values calculated. Second, using an inflated Vsh will produce exactly the opposite 
effect, i.e., overestimation of the potential of a hydrocarbon formation.  
Equation  3-27: Water saturation equation of a shaly formation [Fertl and Hammack 1971]. 
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According to Fertl and Hammack, (1971) it can be expresses as: 
 
 
 
The correction term can be expressed by the following equation:  
 
 
 
3.5.5 Cutoffs and summation reports 
Cutoff porosity is the minimum value above which economically acceptable single-phase permeability 
is probable. The most important parameters is the hydrocarbon saturation, it represents not only a 
volumetric quantity, but also is related to the ability of the rock to transmit fluids. As the hydrocarbon, 
saturation approaches some critical or cutoff saturation value, the ability of the hydrocarbons to flow 
decrease rapidly and, in turns, the ability of water to flow increases rapidly. 
Each depth in the data is considered a discrete interval, with the recorded depth being the center of 
the interval. Therefore, when making averages over an interval, only half of the top and bottom depth 
increments counted. The following equations (Equations 3-28 to 3-30) inform how net reservoir and 
pay are to be calculated [PGL 2000]: 
Equation  3-28: Average porosity [PGL 2000]. 
 
 
 
 
 
Equation  3-29: Average water saturation [PGL 2000]. 
 
 
 
 
 
Equation  3-30: Average clay volume [PGL 2000]. 
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3.6 SOURCE ROCK ANALYSIS 
Many publications advocate to use wireline logs to evaluate source rock potential [Schmoker 1981; 
Meyer and Nederlof 1984; Herron 1991]. The advantage of wireline logs is the high spatial data 
resolution. Logs may indicate stratigraphic intervals of unidentified source rocks, and in more explored 
basins, they are used to quantify the vertical and lateral extent of source rock units. Tools 
comprehensively most frequently used are gamma ray, resistivity, sonic transit time, and density logs. 
In contrast, logs are only indirect measures of source rock characteristics and subject to drilling 
problems. Most evaluations approaches of source rocks use multiple logs and calibrate them by 
geochemical data, in order to estimate quantitatively the TOC, the volume and the maturity of 
potential source rocks in order to distinguish source rocks from non-source rocks. Although wireline 
logs are a useful supplement to conventional geochemical studies, they must be used with 
considerable caution, for several reasons: (1) pyrite and other minerals producing anomalously high 
density readings, (2) undercompacted formations showing less contrast between organic-rich and lean 
layers and poor correlations between resistivity and sonic logs, (3) large washouts in boreholes, (4) 
low-porosity dense rocks such as limestones and dolomites showing anomalously high resistivity 
because of a lack of electrically conducting fluids, and (5) igneous intrusions causing variable gamma 
ray intensities [Hunt 1995]. 
Organic-rich shales also have low sonic velocities. Sonic transit times slow from about 60 to nearly 
100 μsec/ft in the most organic-rich zone. Bulk density decreases in the same zone, and the gamma 
ray log shows an increase. The nature of sonic logs makes for relative changes that are quite sensitive 
within a given well. Electrical resistivity increases where organic matter or oil replaces water in rock 
pores, because the former are not electrically conductive. Therefore, resistivity is very high where oil 
has been generated, whereas resistivity is in zone of immature organic matter. Attempts were made 
to identify mature source rock horizons on petrophysical wireline logs, such as gamma ray, sonic, and 
resistivity logs. Detection generally depends on the occurrence of nonconductive petroleum in the 
pore space of the mature source rock, which makes it abnormally resistive, or on the overpressure 
that tends to be created by actively generating source rocks, which causes abnormally long sonic 
transit times. Source rocks known to be abnormally radioactive compared to surrounding nonsource 
shales, may therefore be detected on gamma ray logs. There are numerous pitfalls, however, in the 
identification of source rocks on wireline logs, and potential source rock horizons should always be 
confirmed where possible by correlation with geochemical indicators [Allen and Allen 2005]. 
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PART II: NUMERICAL BASIN MODELING 
3.7 INTRODUCTION   
Basin modeling refers to simulation of the thermal history of a basin for a given geologic and 
depositional history and, associated with this the timing (and volume) of hydrocarbon generation as 
well as migration and accumulation [Ungerer et al. 1990]. The basin modeling term was renamed to 
“petroleum system modeling” pointing out the combination of sedimentary basin analysis with 
petroleum generation and accumulation processes [Magoon and Dow 1994]. Basin modeling 
comprises numerical simulation of the geologic structures through time, based on physical and 
chemical reactions [Welte and Yükler 1981; Ungerer et al. 1990; Burrus et al. 1996].  
The burial history established by using a “conceptual model” for simulating the compaction and de-
compaction behavior of the lithologies by continuously reconstructing the porosities during a 
simulation run. The geological processes are physically and chemically described by a set of 
mathematical equations. The interactions of all geological processes require a continuous recalculation 
of all dependent parameters during a simulation run. A continuous data transfer, which takes into 
account a chronological order, enables the interaction of the geological processes to be simulated 
using the “Forward modeling techniques” [Broichhausen 2004]. The oldest layer deposited in the first 
time-step to the sequence of the layers constructed until the present day situation reached. There are 
three types of time steps used: time step events, time steps, migration time steps. Geological events 
are the outer time loops, the characterized periods in which one layer uniformly deposited or eroded 
or when a geological hiatus occurs. Events are subdivided into time steps. These are the fundamental 
steps for the geometrical changes, during one-time steps the basin geometry behaves constant. Thus, 
the thermal state and the pore pressure including the compaction are mainly calculated. The time step 
size is dependent on the deposition or erosion amounts and of the total events duration.  The time 
steps further subdivided into smaller steps for the fluid analysis. The main model classes or program 
modules performed in one forward simulation in each time step for a complete analysis is showing in 
(Figure 3.5). Based on this classification, most of the presented models, parameters and process are 
closely interconnected. 
The petroleum system defined by applying special properties to the geological layers and facies. One 
layer encompasses all the sedimentary particles, which deposited in a special geologic event. 
Volumetrically parts of the same geological and chemical properties called geological facies. The main 
properties of geological facies are the lithology type and the kerogen type and content (TOC). In 
addition to organic matter content and quality, stratigraphic considerations are of importance in 
source rock assessment and evaluation. Specifically, the thickness and areal extent, and hence the 
volume, of a source rock unit place important constraints on its ultimate petroleum potential [Littke et 
al. 1997]. In source rocks, certain masses of immature organic matter defined together with 
geochemical kinetics for the thermal cracking to the light and heavier petroleum components. In 
carrier rocks, permeabilities applied, so that they can work as petroleum migration avenues as well as 
for potential accumulation (Reservoir).  
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Figure  3.5: The general work-flow of petroleum system modeling based on the fundamental concept of 
[Welte and Yükler 1981]. 
 
3.8 CONSTRUCTION OF THE NEW GEOMETRY 
Basin modeling is the temporal reconstruction of basin history and specifically refers to the procedure 
of establishing the sequential record of changes in controls and products, which have occurred during 
the long geologic history of a basin. The basin model depends on a well-defined conceptual model, 
based on the sum of all available geologic data. The conceptual model is a formulation, suitable for 
numerical treatment of the principal elements of the basin history. The simulation is then performed 
based on the numerical representation of the conceptual model. If necessary, the conceptual model is 
adjusted or modified to lead to a better match between simulation and calibration data [Poelchau et 
al. 1997]. The conceptual model includes the concept of the “petroleum system” [Magoon and Dow 
1994] within the basin model.  
Basin modeling requires first a well-designed geologic time framework. This means that the physical 
sequence of layers (as depth or thickness) must be converted into an uninterrupted sequence of 
events (geochronologic units) with absolute ages for each event boundary [Poelchau et al. 1997]. 
Each event represents the time span during which either deposition, erosion, or non-deposition 
occurred. Physical sedimentary units that result from geologic processes during a single event are 
called “layers”. Events are defined in terms of their duration as a part of the conceptual model, 
whereas the corresponding layers are defined in terms of their local (present) thickness as well as of 
their lithological and physical properties. In addition, two other parameters are important for thermal 
history simulation, water depth and sediment-water interface temperature. 
The pressure generation process depends strongly on the permeability and compressibility of the 
porous medium. A continuous recalculation of the porosities and permeabilities of each buried 
lithology during the simulation enables a reconstruction of the pressure generation processes 
[Broichhausen 2004]. 
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3.8.1 Compaction model 
Present-day stratigraphic thicknesses are a product of cumulative changes in rock volume through 
time. A quantitative analysis of subsidence rates through time, sometimes called geohistory analysis, 
relies primarily on the decompaction of stratigraphic units to their correct thicknesses at the time of 
interest [Allen and Allen 2005]. The decompaction of stratigraphic units requires the variations of 
porosity with depth to be known. Some sedimentary formations exhibit a linear correlation between 
porosity and depth but, normally pressured sediments exhibit an exponential relationship [Allen and 
Allen 2005]. The driving force for compaction is the effective stress acting at grain-grain contacts. 
Since the total lithostatic stress is the sum of the effective stress and the pore fluid pressure, 
overpressuring of pure fluids trapped in a formation has the effect of inhibiting compaction. This 
causes strong deviations from the expected porosity-depth curve in the overpressured units [Allen and 
Allen 2005].  
Since present thicknesses are of compacted sediments, it must be corrected to reflect the actual 
porosity at the geologic time plotted, the layers must be decompacted. This achieved by the 
“backstripping” methods or by iterative forward modeling using assumptions about original porosities.  
The exact determination of the rock porosities and their changes are very important where, most of 
the rock properties, such as thermal conductivity, heat capacity, density, and elastic or plastic 
modulus, strongly depend on rock porosity [Poelchau et al. 1997]. Empirical or statistical average 
porosity-depth curves, fitted as exponential or polynomial functions, generally used to describe 
porosity changes. These approximations are suitable if steady-state conditions occur, i.e., if fluids 
expelled at the same rate as load is applied. Non-steady behavior caused during phases of high 
sedimentation rates or by material inhomogeneities (salt intrusions) or highly dynamic tectonic events. 
This usually means that overpressure builds up because fluids are not able to escape fast enough 
[Poelchau et al. 1997]. 
The most important assumption in these models is that the depositional overburden load is the cause 
of the compaction of the lower subsiding layers. [Smith 1971] proposed to use the vertical component 
of the effective stress potential as the measure for the compaction strength. Compaction caused by 
that part of the vertical overburden stress that is not balanced by the pore pressure. If the pore 
pressure is close to the overburden stress, as in overpressured sediments, little or no compaction 
takes place [Poelchau et al. 1997].  
An alternative phenomenological model of porosity versus depth, the porosity decrease as a function 
of the load on the layer being considered [Falvey and Middleton 1981]. In this model, a relationship 
formulated by assuming the incremental change in porosity is proportional to the change in load. In 
order to model layer thickness as a function of time, calculated burial history and geohistory and plots 
in which compaction is modeled. It is necessary to model the change in porosity as a function of time 
or, equivalently, as a function of depth. This modeling is illustrated by considering the rate of 
sediment accumulation (R) with respect to time [Van Hinte 1978] (Equation 3-31). 
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Equation  3-31: The rate of sedimentation with respect to time [Van Hinte 1978]. 
 
 
 
 
 
 
 
 
3.8.2 Estimation of maximum burial depth 
Stratigraphers have commonly estimated the amount of erosion by comparison of sections that 
appear complete or less eroded to reconstruct pre-erosion thicknesses and geometries [Kalkreuth and 
McMechan 1989]. This method has its limitations where nearby sections are incomplete or 
unavailable, and it has to be assumed that no irregular thickness changes were present. 
3.8.2.1 Sonic log method 
The irreversible effects of burial and compaction on the physical properties (density, porosity, velocity 
and resistivity changes, or maturation, etc.) of shales are used to restore and estimate the maximum 
depth of burial. Plotting sonic travel time of shale intervals vs. depth (on a semilog plot) and 
extrapolating the resulting (hopefully) straight line to, Δt0, reveals the typical value of uncompacted 
shale at the surface [Magara 1976; Magara 1986]. The extrapolated height above the present-day 
surface represents the estimated amount of missing overburden or erosion (Figure 3.6).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  3.6: Estimation of erosion of overburden based on extrapolation of sonic interval transit times vs. 
depth to an uncompacted shale value of 656 μs/m [Magara 1986]. 
 
3.8.2.2 Vitrinite reflectance profile 
This approach is based on earlier attempts by [Hacquebard 1977] who used coal rank and moisture to 
determine the maximum burial depth. [Connolly 1989] has estimated erosion by extrapolating log VRr 
trends to a surface value of 0.2%.  
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Using of vitrinite reflection for estimation of erosion has two distinct disadvantages. First, the 
extrapolation approach assumes that only the temperature associated with the maximum burial depth 
has influenced the maturation. Second, vitrinite reflectance is commonly used for calibrating the basin 
simulation temperature history, should  not be, even indirectly, enter the input data for the simulation 
[Poelchau et al. 1997]. 
3.9 HEAT FLOW ANALYSIS 
Paleotemperatures are controlled by the basal heat flow history of the basin (which in turn reflects the 
lithospheric mechanics), but also by internal factors such as variations in thermal conductivities, heat 
generation from radioactive sources in the continental crust and within the sedimentary basin-fill, 
regional water flow through aquifers, and surface temperature variations [Allen and Allen 2005]. 
Radiogenic heat production is greatest where the underlying basement is granitic and where the 
basin-fill contains “hot” shales. Radiogenic heat production is particularly important in deep, long-lived 
basins [Allen and Allen 2005]. Another possible source/sink of heat in the crust is 
exothermic/endothermic metamorphic reactions. Reaction connected with contact metamorphosis 
(heat, without significant shear stress) are endothermic (absorb heat) while those linked to dynamic 
metamorphism (involving intense localized stresses, which tend to break up the rock) are exothermic 
(release heat) [Harker 1932].  
There are three heat transfer processes known in nature: Heat conduction, the transfer of the thermal 
energy by contact in a body due to the existence of temperature inequalities.  
Heat convection, thermal energy is transport by the actual movement of a solid or fluid. Fluid 
movements can either introduce or remove thermal energy from a sedimentary sequence and can 
considerably distort the conductive heat transfer systems. Solid-state convection occurs during 
overthrusting and salt doming, but requires very high thrusting rates for significance.  
Heat radiation, in which electromagnetic waves in the range of 800 nm to 1 mm transport thermal 
energy. The heat contribution from a radioactive element is proportional to its absolute abundance, its 
half-life, and the heat generated from a single decay event of each isotope of the element 
[Beardsmore and Cull 2001]. 
Petroleum system modeling simulation tools determine temperature field in the earth’s interior using 
mathematical techniques such as the finite element method. Therefore, the simulation program only 
needs boundary conditions. Temperature at the top, the bottom and sides of a  sedimentary basin 
must be established to determine the interior temperature field [Broichhausen 2004] (Figure 3.7). 
In the basin modelling analysis three outer boundaries are distinguished: the upper boundary 
(sediment water interface) Bswi, the bottom boundary Bbot, and the basin sides Bsid. Additionally some 
special inner boundary conditions Bint, (Equation 3-32). 
The following boundary conditions are usually selected for heat flow analysis: at the sediment water 
interface, the paleo-temperature are given; at the base of the section, the terrestrial paleo heat flow is 
given, or the basal temperatures is radioactive basement are used; at the basin sides, the 
temperature gradient is equal to zero; and at the intrusion-sediment interface (inner boundary) the 
intrusion temperature is applied (Equation 3.33).  
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Equation  3-32: Boundary condition formulation 
 
 
 
 
 
 
Various simulation programs in one of two ways calculate temperature. The temperature at depth (Z) 
computed either from a given (or assumed) geothermal gradient and surface temperature, or from 
heat flow at the base of the section, thermal conductivity and surface temperature. The first method 
based on the calculation of ancient geothermal gradient. The procedure is essentially empirical and 
dependent upon the availability of a vitrinite reflectance-depth (time) profile through the basin 
sequence. Using the kinetic approach developed for the simulation of petroleum generation, a model 
for the thermal maturation of vitrinite using an iterative techniques for a best fit [Tissot and Espitalie 
1975]. The model based on the second method consists of heat flow values specified for each 
geologic event and each grid point. For paleo heat flow values the only reasonable approach is to use 
analogies for the basin to be investigated with respect to the plate tectonic framework and apply 
crustal evolution models to estimate the basins heat flow history [Yükler et al. 1978]. 
The transient heat flow equations consider heat conduction, convection, and takes heat production 
due to radioactive decay into account. The thermal boundary conditions are the sediments water 
interface temperature at the top of the model and the paleoheat flow at the bottom. 
The geothermal gradient is expressed in temperature per unit distance (C m-1), and is a vector 
quantity having both magnitude and direction. By convention, a positive gradient is in the direction of 
increasing temperature. [Beardsmore and Cull 2001]. The rate of heat flow, Q, is a vector quantity, as 
well. Positive heat flow is conventionally given to be in the direction of decreasing temperature, which 
is the opposite of the convention of the thermal gradient and the reason for the negative sign in the 
equation [Beardsmore and Cull 2001]. 
Since heat flow is constant, a decrease in the thermal conductivity in a sedimentary section results in 
an increase in the geothermal gradient and vice versa.  
Equation  3-33: the rate of Heat flow between two points 
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Figure  3.7: Boundary value problem of the heat flow analysis. 
 
3.9.1.1 Sediment-water interface temperature 
Surface water temperature is a function of latitude, oceanic currents and long–term climatic changes 
as well as seasonal events. Temperature at the sediment–water interface depends partly on water 
depth. The sediment water interface temperatures depend on the water depth and are much smaller 
in deep water. In Shallow water, a temperature decrease of 1°C in 100 m is assumed. [Wygrala 1989] 
has synthesized surface temperature trend as a time-latitude diagram (Figure 3.8) which can be quite 
useful for estimating values for shallow water sediments within global climatic belts.  
The following steps are taken to determine the sediment/water interface temperature through time at 
a specific location: define the present latitude; define paleo-latitude through geologic time, using 
paleo-continental distribution map; determine paleo-annual mean surface temperature  from map of 
global paleo-temperature distribution; correct these surface temperature to sediment water interface 
temperatures by taking the effects of water depth, basin type, and global ocean current patterns into 
account (Equation 3-34).   
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 Equation  3-34: Sediment water interface temperature from air-surface temperature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  3.8: Geologic age-latitude plot of average ocean surface temperature that shows the effect of 
climate model and latitude on variations in mean annual sea surface temperatures. The inflected lines 
represent the isotherms through geologic time at the corresponding latitude. The lines labeled by 
temperature in °C. The dotted line indicates the evolution of the SWI temperature for an example [Wygrala 
1989]. 
 
3.9.2 Thermal conductivity 
Thermal conductivity and heat capacity of rocks determine to a large degree the distribution of heat in 
a basin and the maturation of organic matter (Table 3.1). Thermal conductivities of sediments are 
more a function of their water content than of their mineral constituents [Ratcliffe 1960]. Wet samples 
have higher thermal conductivities than dry samples, as water has a higher thermal conductivity than 
air. This means for thermal conductivity, λ, that always: (λmatrix>λ wet rock>λdry rock). Therefore, 
conductivity becomes a function of porosity, or the state of compaction, as well as the mineralogy and 
the pore-filling fluid. All pore-filling fluids have lower λ values than rocks. This causes bulk thermal 
conductivities to decrease with increasing porosity. In other words, bulk thermal conductivities should 
increase with progressing compaction [Poelchau et al. 1997].  
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Most sedimentary rocks are anisotropic with higher horizontal than vertical thermal conductivity values 
[Gretener 1981; Sekiguchi 1984]. However, as heat flow follows temperature gradients, which are 
usually more or less vertical, increased horizontal thermal conductivity values have not an important 
effect [Poelchau et al. 1997].  
The effect of temperature is to decrease conductivity of well-conducting lithotypes (e.g., sandstone), 
while values for shales of less than 25% porosity are virtually independent of temperature, which 
leads to lower thermal conductivity contrasts at higher temperatures. This means that corrections for 
the effect of temperature are usually only required for lithologies with thermal conductivities of more 
than 2.5 W m-1 K-1 [Gretener 1981; Sekiguchi 1984]. 
Table  3.1: Thermal conductivities of some geologic materials [Poelchau et al. 1997]. 
Geologic materials W m-1 K-1 
Earth’s crust 2.0-2.5 
Rocks 1.2-5.9 
Sandstones 2.5 
Shales 1.1-2.1 
Limestones 2.5-3.0 
Water 0.6 
Oil 0.15 
Ice 2.1 
Air 0.025 
Methane 0.033 
 
Thermal conductivity defines the ability of the volume to transport heat via conduction.  For a given 
heat, flow produces a low temperature difference in rocks with high thermal conductivities. Thus, the 
steepest temperature gradients occur in layers with low thermal conductivities. It is a mixture of the 
thermal conductivities of the rock matrix and the three fluid phases, (Equation 3-35).   
 
Equation  3-35: Geometric average bulk thermal conductivity of a rock and the fluid conductivity 
 
 
 
 
 
 
 
 
 
 
 
The rock matrix thermal conductivity values are usually temperature dependent and they described by 
the following models: 
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3.9.2.1.1 Linear dependency 
The rock matrix thermal conductivity values considered to depend linearly on the temperatures in the 
interval of -20°C to 300°C. Outside this interval, thermal conductivities are assumed constant. The 
limitation of this equation is that the values mostly given without comments on porosity and fluid 
saturations (Equation 3-36).  
Equation  3-36: Linear Dependency equation for rock matrix thermal conductivity 
 
 
 
 
 
 
3.9.2.1.2 Seki equation 
Seki proposed the following temperature dependence, which calibrated on the 20°C value (Equation 
3-37).  
Equation  3-37: Seki equation for rock matrix thermal conductivity 
 
 
 
 
 
 
3.9.2.1.3 Shale equation 
This equation (Equation 3-38) is especially suited for shaly rocks and it introduces special type 
porosity dependence. 
Equation  3-38: Shale equation for rock matrix thermal conductivity 
 
 
 
 
 
3.9.2.2 Sedimentation 
Sedimentation rate (ignoring the effects of compaction) can reduce the observed surface heat flow. 
The magnitude and depth of the effect depend on the rate and duration of sedimentation. For normal 
rates of sedimentation of 10-6-10-5 m yr-1, the effect on surface heat flow is insignificant. It is only 
when sedimentation rates reach relatively high levels (>10-4 m yr-1) that there are noticeable effects 
on the near-surface heat flow [Beardsmore and Cull 2001].  
3.9.2.3 Erosion 
The thermal effect of eroding the surface of the Earth is the opposite to that of sedimentation. Erosion 
results in an upward movement of rocks in relation to a reference point under the surface. Surface 
heat flow increases by an amount dependent upon the elapsed time and rate of erosion.  
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Note: Erosion very rarely takes place in a region that modeled as a horizontal plain. There is often 
significant topographic relief in the region of erosion, and observed heat flow should be corrected for 
the effect of topography before the effect of erosion can be examined [Beardsmore and Cull 2001]. 
3.10 KINETICS OF CALIBRATION PARAMETERS 
The systematic testing and evaluation of results is a crucial and distinctive step of all well designed 
modeling studies. Graphic comparison of calculated values with the measured observations quickly 
indicates whether the conceptual model matches the geologic reality. The procedures are commonly 
referred to as optimization, calibration, checking, and sensitivity analysis [Yükler 1979; Wygrala 1989; 
Hermanrud 1993]. When calculated outputs are within “acceptable” error limits (which of course must 
be specified) of observed values, the solution is judged as “successful” [Welte and Yükler 1981]. If the 
match is good, the geologic assumptions made for the conceptual model can be said to be reasonable 
although not necessarily true [Poelchau et al. 1997].  
Optimization has logically also been called “calibration” because the procedure involves making 
corrections [Poelchau et al. 1997]. Calibration always limited by the availability of measured 
observational data. Because of its substantial influence on most aspects of basin modeling, calibration 
of thermal history outputs is always essential. This is usually accomplished by the comparison of 
calculated present-time temperature profiles and calculated vitrinite reflectance, compared to present-
day measured borehole temperatures and observed vitrinite reflectance-values [Poelchau et al. 1997]. 
Both the optimization and subsequent calibration procedures raise questions concerning the influence 
that different input parameters have on simulation results. These effects evaluated through the 
procedure of sensitivity analysis. This method simply involves making finite changes of input 
parameters (ordinarily one at a time) for the previously optimized “successful” model followed by 
recomputation of results. Sensitivity is defined as the rate of change of the resulting output with 
respect to change of the input parameter [Zwach 1995]. The result of the optimization and calibration 
procedure is a finalized “successful” or acceptable basin model. However, as pointed out by [Yükler 
1987], “checking parameters should be chosen in such a way that they are independent of the 
optimization parameters”. The calculated parameters are compared with measured data so that less 
well-defined thermal input database and paleoheat flow values calibrated. 
3.10.1 Temperature calibration 
Temperature measurements in borehole are time dependent. The deeper sediments cooled by the 
drilling mud and the drilling fluids around the borehole heat the upper sediment. Temperature 
measurements performed immediately after stopping drilling are influenced by this effect. However, 
eventually after some time, the temperature of the surrounding rocks return to its previous level. 
Measurements during the equalization of the actual temperature provide information on the thermal 
conductivity of the surrounding rocks. Temperature equalizes more slowly in less conductive rocks 
[Broichhausen 2004].   
The most commonly used temperature parameters are present-day bottom hole temperatures (BHT) 
and borehole temperature logs. BHT temperatures are corrected with respect to the circulation of 
cooler drilling fluids. This is carried out by means of the “Horner plot extrapolation” when two or more 
temperatures measurements during different logging runs are available from the same depth at 
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different times after circulation has stopped (example, Figure 3.9). Simulated present-day 
temperature is affected by recent heat flow, surface temperature, and by thermal conductivity of the 
underlying and overlying layers [Poelchau et al. 1997].  
 
 
 
 
 
 
 
 
 
Figure  3.9: Example of Horner Plot extrapolation method to correct BHT for cooling during drilling and 
circulation. The corrected steady state temperature for the formation is 79°C [Poelchau et al. 1997]. 
 
3.10.2 Vitrinite reflectance models 
The most widely used thermal maturity indicator is the reflectance of the vitrinite macerals in coal, 
coaly particles, or dispersed organic matter, which increase as a function of temperature and time 
from approximately 0.25%Ro at the peat stage to more than 4.0%Ro at the metaanthracite stage. 
The general reaction assumed that vitrinite transformed to residual (modified or mature) vitrinite and 
some condensates. 
 
An important application of vitrinite reflectance measurements in basin analysis is the calibration of 
thermal and burial history models with present-day maturity data. For calibration, the increase in 
vitrinite reflectance is simulated in the basin modeling program in accordance with the conceptual 
model and the temperature history. Several “kinetic” models for vitrinite reflectance evolution have 
been designed and used extensively [Poelchau et al. 1997]. 
3.10.2.1 Burnham-Sweeney (1989) model 
The model has been proposed by [Burnham and Sweeney 1989; Sweeney and Burnham 1990], 
describing the chemical changes of vitrinite by four overlapping reactions: the successive release of 
water, CO2, higher hydrocarbons and methane (as shown).  
 
 
 
 
 
A simplified, but nevertheless equally effective model, the so called “EASY%Ro model” [Sweeney and 
Burnham 1990], combines the four reactions into one spectrum of activation energies (Equation 3-
39). This model has been most successfully applied because it is applicable for maturation values as 
high as 4.6% vitrinite reflectance.  
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The increasing reflectance of vitrinite with time and temperature can be modeled as the result of  a 
number of parallel chemical reactions that act to eliminate water, carbon dioxide, methane and higher 
hydrocarbons from the maceral [Sweeney and Burnham 1990]. The result was a method known as 
EASY%Ro [Sweeney and Burnham 1990]. This is the most popular methods of modeling, VRr. It uses 
a set of twenty reactions with a common pre-exponential factor A= 1.0 x 1013 s-1, weighted factors 
and activation energies (Table 3.2). The EASY%Ro breaks the thermal history of a source bed into 
segments of constant heating rates. 
The resulting composition is used to calculate vitrinite reflectance via correlations between elemental 
compositions and reflections. In a simplified model (Easy-Ro model), only the fraction of unconverted 
vitrinite is used to calculate the vitrinite reflection values. Then it is possible to overlay the 
distributions of initial potentials and activation energies of all four reactions and to obtain one 
resulting distribution for the unconverted vitrinite potential x. The reflection value is finally derived by 
an exponential mapping of the TR to the interval (0.2%, 4.66%), which yields to the following 
equation. 
Equation  3-39: Vitrinite reflectance estimation based on [Sweeney and Burnham 1990]. 
 
 
[Carr 1999] extended the above model to incorporate overpressure retardation, as there is a volume 
expansion of the products due to the generation of the volatiles. The pressure dependency proposed 
to be included via a modified frequency factor. 
 
 
 
 
 
3.10.2.2 Time-Temperature Index (1980) model 
the first popular model for the calculation of vitrinite reflectance to calibrate temperature histories in 
petroleum generation regions and was an important step towards the more widespread application of 
time and temperature in the study of petroleum systems [Waples 1980]. Based on the assumption 
that the maturity rate of vitrinite doubles every 10°C, the following TTI (Time-Temperature-Index) 
defined as a measure of the vitrinite maturation. 
 
 
 
 
 
 
 
The TTI value is converted to vitrinite reflectance via empirical curves using the following (Equation 3-
40) of [Goff 1983]. 
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Equation  3-40: Vitrinite reflectance converted from TTI based on [Goff 1983]. 
 
 
Table  3.2: Weighted Factors and activation energies used in EASY%Ro. 
Reaction  
number (i) 
Stoichionmeteric 
 factor (Fi) 
Activation Energy 
 Ei (kJ mol-1) 
1 0.03 142 
2 0.03 151 
3 0.04 159 
4 0.04 167 
5 0.05 176 
6 0.05 184 
7 0.06 192 
8 0.04 201 
9 0.04 209 
10 0.07 218 
11 0.06 226 
12 0.06 234 
13 0.06 243 
14 0.05 251 
15 0.05 259 
16 0.04 268 
17 0.03 276 
18 0.02 285 
19 0.02 293 
20 0.01 301 
 
3.10.2.3 Smectite to Illite models 
Another calibration reaction for thermal histories is the conversion of the clay mineral Smectite to 
Illite.  
 
The transformation of smectites to Illites (S/I) has been known to take place over a range of depths 
suggesting a kinetic process [Hower et al. 1976], which seems to be influenced by both temperature 
and time [Velde and Espitalie 1989]. The Smectite and Illite contents linearly connected to the 
transformation ratio. The Smectite to Illite cracking is also important for the pressure calculation, as 
interlayer and bound water release causes increase in pore water mass and density.  
3.11 PETROLEUM GENERATION KINETICS 
Generated petroleum compounds are thought to result from a multitude of quasi-irreversible, assumed 
first-order thermal cracking reactions [Huck and Karweil 1955; Hanbaba and Jüntgen 1969; Tissot 
1969] whose overall rate is mainly governed by the kerogen structure and the extent of thermal stress 
over geologic time. Temperature is considered to be of overriding importance in generating petroleum 
from organic matter, enclosed in source rocks [Philippi 1965; Welte 1965; Vassayovich et al. 1969]. 
Kinetic models can be used in basin simulation to determine the extent of petroleum generation using 
experimental data on immature samples [Burnham et al. 1987; Ungerer and Pelet 1987; Schaefer et 
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al. 1990]. Most importantly, it was found that reaction rates do not double for each temperature 
increase of 10°C as in the Lopatin /Waples TTI mode [Waples 1980]l, but rather for a 3-5° C increase 
[Sweeney et al. 1987; Tissot et al. 1987]. 
The speed of the reaction is named reaction rate, k, depend strongly on temperature. The rate at 
which a kinetically controlled reaction proceeds (ki) is a function of the absolute temperature (T), the 
activation energy (Ei), the gas constant (R), and a constant (A) given by the Arrhenius equation 
(Equation 3-41). The Arrhenius Law is the most common function for the realization of the reaction 
rate versus temperature relationship, using two main parameters: frequency factor, A, and activation 
energy, E. The frequency (amplitude or pre-exponential) factor represents the frequency at which the 
molecules will be transformed (controlling the speed of the chemical reactions). A is known as 
frequency factor and is possible related to the vibrational frequency (s-1) of the reacting molecules 
[Schenk et al. 1997]. The frequency factor falls in the range 1013 - 1016 s-1 [Beardsmore and Cull 
2001]. The activation energy is the necessary threshold energy to initiate the reaction. E, known as 
the activation energy can be regarded as an energy barrier (J mol-1) that must be overcome before 
the reaction can proceed. Generally, the activation energies fall in the range 160-340 KJ mol-1 [Schenk 
et al. 1997].  
Equation  3-41: Arrhenius law 
 
 
 
 
 
 
The Arrhenius equation dictates that the reaction rate k will never be zero unless the temperature 
does not drop to absolute zero (-273°C). The exponent (-E/RT) reveals generally a small value. 
Similarly, the extent of kerogen conversion is, strictly speaking, never complete until infinite 
temperature reached. Thus, all kerogen degradation profiles are asymptotic with respect to 
temperature [Pepper and Corvi 1995 a]. Kinetics are dependant on the cracking type (primary or 
secondary), on the kerogen type (I, II or III) and on the number and type of generated petroleum 
components (bulk, oil-gas, compositional kinetics).  
3.11.1 Bulk kinetics 
Bulk kinetics focus on kerogen cracking and do not distinguish between petroleum components.  
 
The transformation ratio of the chemical reaction represents the ratio of the cracked kerogen, which is 
the main output of these models. The total generation masses are determined via two values, the 
TOC (total organic carbon) content and HI (hydrogen index) (Equation 3-42). The TOC content in 
sedimentary rocks formed by kerogen and bitumen is defined as the mass ratio of all the carbon 
atoms in the kerogen particles in relation to the rock matrix. The HI value is the total available 
potential of the kerogen before cracking commences, that means it defines the mass of petroleum 
that totally generated from kerogen.  
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Equation  3-42: Total mass of petroleum that generated in the source rock per total volume of the sediment. 
 
 
 
 
3.11.2 Oil –gas kinetics 
Two components phase model considered here, for the lighter and heavier hydrocarbon. Usually, C1-
C5 used for gas and C6+ and NSO is used for oil, respectively. Most of the oil-gas models also use a 
secondary cracking kinetics for the oil to gas cracking, which finally yields to the following reaction 
scheme and the corresponding balance for the generated and cracked masses. This equation assumes 
only one sub-reaction for secondary cracking. 
 
 
 
 
 
It is also necessary to input ratio (percentage) values to describe how the total HI value is splitted into 
the HI for kerogen to oil, HIOil, and the HI for kerogen to gas, HIGas, reaction. The calculated 
hydrocarbon generation potential for oil and gas used to define the main zones for oil and gas 
generation. Herein, the actual potential value is compared to the maximum possible value for oil and 
gas, namely HImaxoil = HIOil and HImaxgas= HIGas + r. HIOil respectively. One popular definition of the 
zones is the following: 
 
 
 
 
In oil to gas cracking, the reduction of organic mass due to the loss of coke, a reduction factor (total 
gas to oil mass) therefore introduced in the mass balance, which is usually in the range of 0.4% to 
0.7%. The following principle equation gives a reduction factor of r= 16/28= 0.57.  
 
 
These equations are defined with different reactions parameters for the different kerogen types. For 
kerogen types I and II, the kerogen–to-oil to gas reaction is the main process. Regarding Kerogen 
Type III, an important part of the gas is obtained from the kerogen to gas reactions. In case of gas, 
cracking from oil the organic mass is reduced. Cracking of 1 g oil results in 0.4-0.7 g gas [Mann et al. 
1997]. 
3.11.3 Compositional kinetics 
Compositional Kinetics considers more than two hydrocarbon components. In the following equation 
array for the primary and secondary cracking, the components named with (i= 1..n) and the bound 
classes for the different activation energies specified with the index (j= 1..m). The reactions for 
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secondary cracking follow a triangle scheme where each component is cracked into lighter ones. The 
maximum number of primary and secondary reactions are (n) and {1/2 n(n-1)}. 
 
 
 
[Espitalie et al. 1988 b] introduced four hydrocarbon classes (C1, C2-C5, C6-C15 and C15+) to be used in 
basin modelling programs. These or slightly modified classes have been used in many publications and 
data bases to describe primary cracking, such as [Ungerer 1990; Behar et al. 1997; Vandenbroucke et 
al. 1999]. For the secondary cracking, they proposed to consider cracking from each higher HC-
component class to methane with coke as a byproduct. 
3.11.4 Compositional phase kinetics 
The petroleum kinetics are used to describe the reactions of different hydrocarbon component classes 
(for examples C1, C2-C4, C5-C6, C7-C15, C15+). Then, instead of the properties of a whole kerogen type, 
only the properties of the special hydrocarbon component classes are considered. In a multiple source 
rock concept, the petroleum from each different source unit is tracked or traced separately throughout 
its entire migration history to ensure that the properties of mixed petroleum are determined correctly. 
It is therefore possible to correlate modeled hydrocarbon loads with individual potential source rocks 
(Figure 3.10) [Mann et al. 1997]. A joined study of GFZ-Potsdam geo-science research centre 
and IES GmbH Aachen systematically tested kinetic data in many basin modeling studies and finally 
selected an 14-component scheme with the following HC classes: C1, C2, C3, iC4, nC4, iC5, nC5, nC6, C7-
C15, C16-C25, C26-C35, C36-C45, C46-C55 and C55+. 
 
 
 
 
 
 
 
 
 
Figure  3.10: concept of multiple source tracing [Mann et al. 1997]. 
 
3.11.5 Kinetics parameters and organofacies 
The global kinetic model [Pepper and Corvi 1995 a] considers kinetic parameters to be based on gross 
depositional environment and stratigraphic age; this is useful in areas lacking of geochemical data. It 
broadly relates five kerogen kinetic organofacies, each characterized by a specific organic matter input 
and early diagenetic overprint, to sedimentary facies/age associations. The relatively simple five-fold 
kerogen kinetic classification based on the “organofacies” concept is shown in (Figure 3.11 and Table 
3.3). An organofacies is defined as: a collection of kerogens derived from common organic precursors, 
deposited under similar environmental conditions and exposed to similar early diagenetic histories 
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[Pepper and Corvi 1995 a]. These organofacies are; A, aquatic, marine, siliceous or 
carbonate/evaporite, any age; B, aquatic, marine, siliciclastic, any age; C, aquatic, non-marine, 
lacustrine, Phanerozoic; D/E, terrigenous, non-marine, ever-wet, coastal, Mesozoic and younger; and 
F, terrigenous, non-marine, coastal, late Palaeozoic and younger [Pepper and Corvi 1995 a].  
From a chemical viewpoint hydrogen-rich organic matter is considered to have the greatest potential 
for oil generation, whereas rocks with terrigenous organic matter of low hydrogen content are viewed 
as gas prone [Littke et al. 1997]. Fluvial and deltaic sediments are among the most important source 
rocks for natural gas [Lutz et al. 1975; Masters 1984; Rice et al. 1989; Littke et al. 1995] but are also 
reported as source rocks for oil [Thomas 1982; Durand and Paratte 1983; Risk and Rhodes 1985; 
Shanmugam 1985; Thompson et al. 1985; Khavari Khorasani 1987; Horsfield et al. 1988; Hvoslef et 
al. 1988]. Sulfur-rich kerogen produces a petroleum rich in asphaltenes, i.e., an “immature oil,” at low 
levels of thermal maturity [Tannenbaum and Aizenshtat 1985].  
 
 
 
 
 
 
 
 
 
 
Figure  3.11: Kerogen kinetic classification: definition of five global organofacies [Pepper and Corvi 1995 a]. 
 
Table  3.3: Results of optimization of kinetic parameters and temperature limits of the oil and gas windows  
for the five kerogen organofacies (compiled after [Pepper and Corvi 1995 a]). 
Organofacies A Emean σE Top Range Base 
 S-1 kJ mol-1 kJ mol-1 °C °C °C 
Oil Generation    Oil Generation Windows  
A 2.13e13 206.4 8.2 95 40 135 
B 8.14e13 215.2 8.3 105 40 145 
C 2.44e14 221.4 3.9 120 20 140 
DE 4.97e14 228.2 7.9 120 40 160 
F 1.23e17 259.1 6.6 145 30 175 
Gas Generation    Gas Generation Windows 
A 3.93e12 206.7 10.7 105 50 155 
B 2.17e18 278.7 18.4 140 70 210 
C 2.29e16 250.4 10.1 135 35 170 
DE 1.88e11 206.4 7.7 175 45 220 
F 1.93e16 275.0 9.9 175 45 220 
 
Mean activation energies, governing the oil generation, increase systematically in the order A-F, 
causing a corresponding increase in generation temperature. The oil generation window (OGW) is 
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affected by at least 10% (oil generation threshold or OGT), but no more than 90% of oil-prone 
kerogen degraded to oil; and the gas generation window (GGW) at least 10% (= gas generation 
threshold or GGT), but no more than 90% of gas-prone kerogen degraded to gas [Pepper and Corvi 
1995 a]. At a reference heating rate (2°C Ma-1), the oil generation “window” increases from ca. 95-
135°C to 145-175°C. The gas generation “window” ranges from ca. 105-155°C to 175-220°C (Table 
3.3). Differences between organofacies are significant: oil generation temperature increases in the 
order A to F from ca. 95 to 145°C. This shift is brought about by a gradual increase in Emean from ca. 
206 kJ mol-1 to ca. 259 kJ mol-1 in the order A to F. The oil generation windows varies between ca. 
95-135°C for organofacies A and ca. 145-175°C for organofacies F. Gas generation temperature 
increases from ca. 105°C (A) to ca. 175°C (F). This shift is brought about by an increase in Emean from 
ca. 207 kJ mol-1 to ca. 275 kJ mol-1, respectively. Gas generation windows occurs between ca. 105-
155°C for organofacies A and ca. 175-220°C for organofacies F (Table 3.3) [Pepper and Corvi 1995 
a]. 
3.12 ADSORPTION MODELS 
Adsorption models can estimate the amount of generated and released hydrocarbons. Un-reacted and 
inert kerogen can bind the generated petroleum components by adsorption before releasing them into 
the open pore space of the source. The term expulsion is used to specify the amount of petroleum 
(phases) passing the source to carrier interface. This means it encompasses all the processes 
petroleum molecules are undergoing within the source rock. The main processes and nomenclatures 
for the petroleum migration from source to reservoir are shown in (Figure 3.12) and are considered as 
a chain of discrete steps. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  3.12: Adsorption and migration processes. 
 
3.13 FLOWPATH MODELLING 
The transport of the liquid and vapor petroleum phase are calculated within the permeable layers. The 
modeling of petroleum migration is performed considering both, flowpath and Darcy flow in an 
interactive link. This kind of migration is called “Hybrid modeling”. The corresponding flowcharts for 
the simulation models are showing in (Figure 3.13). In order to enable a high-resolution 3D petroleum 
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migration algorithm, without excessively increasing computer processing time for the simulation run, 
the “Hybrid” Darcy/Flowpath migration modeling techniques can be used [Hantschel et al. 2000]. This 
migration method is a combination of the Darcy Flow modeling and the Ray Tracing “Flowpath” 
modeling methods.  
Special geological factors and processes that must be included in the conceptual model for migration 
modeling include: (a) fracturing and fault properties; (b) aquifer flow also plays an important role in 
some basins, both as an effective heat transfer medium that can lead to severe perturbation of the 
conductive temperature field, and as an additional direct force on oil and gas movements that, in 
extreme cases, can flush hydrocarbons from potential trap areas [Mann et al. 1997]. 
 
 
 
 
 
 
 
 
 
 
Figure  3.13: Flowcharts of (a) Darcy Flow and (b) Flowpath modelling. 
 
3.14 SEPARATE PHASE FLOW 
For calculating Darcy flow migration in a multi-component three-phase flow system, relative 
permeability and capillary pressure functions are applied. When flowpath modeling performed, Darcy 
flow is predominantly applied to determine flow processes in the low permeability facies. 
3.15 PVT ANALYSIS 
The widely used fluid flow simulators work with three fluid phases: water, liquid petroleum and gas. A 
(PVT) model is therefore necessary to decide which components dissolve in the different phases. The 
simplest idea is to put the light hydrocarbons (C1-C5) in the gas phase (vapor) and the heavier ones 
(C6+ and NSO) in the liquid phase, but that is only applicable with restrictions considerations near 
surface conditions. Flash calculations have been established for subsurface temperatures and 
pressures. These flash calculations provide not only phase envelopes and compositions; they also 
calculate phase properties such as densities, GOR and viscosities.  
3.16 RESERVOIR CHARACTERIZATION 
The volume of the reservoir bodies is calculated together with the compaction. This is an important 
output information for petroleum exploration.  
3.17 RISK AND UNCERTAINTY 
Risk maybe defined as the probability of a specific or discrete outcome. There are commonly many 
more possible outcomes for a particular event. The different outcomes may not have equal 
probabilities and, importantly, there may be outcomes that are not recognized [Gluyas and Swarbrick 
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2004]. Uncertainty defined as the range within which the true value of a parameter lies. Moreover, the 
degree of uncertainty will vary between parameters. In order to calculate the uncertainty, it is 
necessary to estimate the uncertainty associated with the input parameters and propagate these 
component uncertainties through the calculation. Uncertainty is commonly displayed as a probability 
distribution, in which the x-axis is the value of a parameter and the y-axis the probability of 
occurrence of that parameter [Gluyas and Swarbrick 2004].  
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4. NUMERICAL SIMULATION OF BURIAL AND THERMAL HISTORIES FOR ABU 
GHARADIG BASIN, EGYPT 
Keywords: Abu Gharadig Basin – Heat Flow - Basin Modeling – Burial History. 
4.1 ABSTRACT 
Basin modeling comprises numerical simulation of the sedimentary basin evolution based on physical 
and chemical reactions calculated through geologic time. A 1D model of Abu Gharadig Basin was 
performed with PetroMod software using a multi-1D approach within the framework of a fully 
integrated dynamic geologic model. The conceptual model was created by dividing the penetrated 
preserved stratigraphic sequence into uninterrupted time series based on petrophysical interpretation 
of the logged sequence and age equivalent formations. Geochemical data were used to calibrate the 
log interpretation in this respect, which enabled basin modeling with extraordinarily high resolution of 
the stratigraphic sequence, resulting in a detailed and calibrated burial and thermal model. The model 
is designed with the purpose of integrating the multi-phase tectonic history of Abu Gharadig Basin 
responsible for the development of the basin with a petroleum characterization model to evaluate the 
petroleum system and hydrocarbon potential. The conclusions are based on data and results from 10 
wells. Higher paleo-temperatures than present were necessary to model the observed maturities in 
Abu Gharadig basin. In addition, variable paleo-heat flow regimes appeared to apply in different parts 
of the study area with a rise in the heat flow in the last 8 million years. 
4.2 INTRODUCTION 
Abu Gharadig Basin is a Late Mesozoic, approximately E-W trending, asymmetric, intra-cratonic basin, 
300 km long and 60 km wide. It is bounded to the north and south, respectively, by the Qattara Ridge 
and Sitra Platform (Figure 4.1). The study area is located between latitudes, 29° 37’ 54” and 30° 03’ 
54” N, and longitudes 27° 38’ 48“ and 28° 04’ 42” E (Figure 4.2). A petroleum system model is a 
digital data model of an entire basin or part of it, for which selected processes can be simulated in 
order to understand the petroleum accumulation pattern. It aims at a four-dimensional (X, Y, Z, and 
time) reconstruction of the characteristics of rock and fluid properties as a function of the paleohistory 
of a sedimentary basin. Our major objective is to give a proper thermal model of the multiphase 
geologic situation of Abu Gharadig basin, based on a detailed interpretation of the available well data, 
taking the tectonic evolution, sedimentary distribution and petrophysical properties into account.   
4.3 GEOLOGIC FRAMEWORK 
4.3.1 Litho-stratigraphy 
The litho-stratigraphic column of Abu Gharadig basin comprises rock units ranging from Cambrian to 
Recent (Figure 4.3), with the oldest sediments resting non-conformably on the basement rocks [El 
Ayouty 1990]. The sedimentary column reaches a total thickness between 8 to 9 km [Hantar 1990]. 
The crystalline basement is primarily pre-Cambrian in age [Said 1962], characterized by abundant 
granites and granodiorites with low grade metamorphism [Shackleton 1980]. The Paleozoic 
depocentre seems to trend generally NNW-SSE, being controlled by the major faults developed in late 
Pre-Cambrian time. A N-S trending synclinorium (Siwa Oasis-Faghur) has been delineated with a 
Paleozoic section that ranges in thickness from 3-4 km [Schlumberger 1984], based on gravity and 
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magnetic modeling [Abu El Naga 1984]. Paleozoic sediments range in age from early Cambrian to late 
Permian, overlying non-conformably pre-Cambrian basement and overlain un-conformably by Jurassic 
or younger sediments [Fawzy and Dahi 1992; El Shaarawy 1994 a]. They are dominated by 
sandstones and siltstones with some limestones and shales in the upper part of the section. [Fawzy 
and Dahi 1992] assumed that shallow marine to delta conditions prevailed at the time of Paleozoic 
deposition in Egypt.  
The Jurassic sediments represent the first marine transgression that invaded the area after the 
Hercynian orogeny. The Jurassic section is divided lithologically into four formations: Baharein (fine-
coarse quartzose sandstones with minor shale, siltstone and anhydrite interbeds) at the base. Wadi El-
Natrun shallow marine carbonate-shale sequences or lagoonal deposits with alternations of dense 
limestone, green shales and anhydrite overlie Baharein Formation. Wadi El-Natrun Formation is 
followed by continental clastics of Khatatba (thick shallow marine carbonaceous shale sequence, with 
interbedded porous sandstones, coal seams and limestone streaks) are overlain by the Masajid 
Formation platform carbonates including reefal and dolomitic limestones, with minor shale interbeds 
and cherty intervals at the top [Fawzy and Dahi 1992]. The entire Early Cretaceous consists of thick 
regressive marginal marine to continental clastics (Neocomian through Albian) and is divided into 
Betty Member and Alam El-Bueib “Shaltut” Formation. Red, kaolinitic sandstones with calcareous shale 
intercalations and coals occur at the base and grade to Kharita massive quartzose sandstones, with 
rapidly alternating sequences of shale, siltstone and sandstone above. These sediments are overlain 
by the Dahab Shale Formation (greenish grey pyritic shale with siltstone, sandstone and limestone 
interbeds) and Alamein Formation (hard microcrystalline dolomite with vuggy porosity and fractured 
porosity and with some shale interbeds). An unconformity is present between the Early and Late 
Cretaceous [Philip et al. 1980; Fawzy and Dahi 1992]. The Late Cenomanian and Turonian deposits 
consist of shallow marine coarse clastics at the base (Bahariya Formation) to fine clastics at the top 
(Abu Roash Formation) [Soliman and El Badry 1980; Schlumberger 1984]. Abu Roash Formation 
conformably overlies Bahariya Formation and unconformably underlies Khoman Formation. It 
represents alternations of transgressive and regressive cycles with environments ranging from anoxic 
marine conditions to epi-continental. It is subdivided into seven lithostratigraphic members, 
distinguished from top to base as "A", "B", "C", "D", "E","F" and "G" members, which cover the Upper 
Cenomanian to Coniacian time interval [Aadland and Hassan 1972; Schlumberger 1984].  
Periods of marine inundation and transgression are marked by the limestone and shale sequences of 
Abu Roash “A”, "B", "D" and "F" members, while regressive phases are represented by the clastic 
deposition characteristic of Abu Roash members "C", "E" and "G". The latest Cretaceous was a time of 
clastic starvation which led to the deposition of the thick marine Khoman chalk section [Fawzy and 
Dahi 1992]. Khoman Formation exhibits a marked change in facies, showing two main lithological 
units. Earliest sediments are composed of interbedded shales and tight highly argillaceous limestones 
with rare sand intervals. This sequence is overlain by massive fine-grained, white chalky limestone 
with cherty bands which is frequently argillaceous in the lower part [Fawzy and Dahi 1992]. The top 
and base of Khoman Formation are marked by two regional unconformities [Hume 1911; Shukri 1954; 
Amin 1961; Said 1962].  
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Figure  4.1: Map showing the location of the study area (marked by the square), the spatial distribution of 
the main sedimentary basins and major structural elements in the North Western Desert, Egypt (modified 
after [Bayoumi 1996]). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  4.2: Enlarged location map of the study area and spatial distribution of the available wells; 2D 
seismic lines (10 lines) and traces (4 traces). This dataset belongs to BADR Petroleum Company 
“Bapetco” concessions (Badr El-Din “BED” 7 wells and Sitra “SIT” 4 wells). The deepest penetrated 
sequence is Shaltut Formation with depth ranging from 3701 m bmsl at BED 2-1 well, to 4017 m bmsl at 
SIT 1-1 well. A total well count of 11 includes 5 gas producers; 2 dry wells; and 7 oil producers. Bold 
indicates wells discussed in detail. 
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Figure  4.3: A generalized chrono-stratigraphic column and tectonic correlation chart of Abu Gharadig 
Basin, north Western Desert, Egypt. The facies succession, ages, distribution of potential source and 
reservoirs rocks are also represented, modified after [Schlumberger 1984; Schlumberger 1995; Guiraud 
and Bosworth 1999; Guiraud et al. 1999]. The tentative paleowater depth is based on palynological and 
foraminiferal analysis of ditch samples for the Cretaceous age [Abd El Kireem et al. 1996]. The average 
recorded thickness values are inferred from literature. The Geologic age scale is according to [Harland et 
al. 1990]. The color code is selected according to the United States Geological Survey (USGS). 
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At the end of Cretaceous time, sedimentation continued in the structurally low and subsiding areas, 
but depositional gaps and erosional truncations were common on the pre-existing highs, which were 
reactivated, especially during the Paleocene. The Cenozoic sediments are divided into two cycles: 
Paleocene-Middle Eocene (Apollonia Formation) represent open marine conditions with hard dense 
carbonates and some shaly zones (Figure 4.3) and the Late Eocene-Miocene (Dabaa Formation at the 
base and Moghra Formation at the top)[Abd El Aal 1988] consists of argillaceous carbonaceous shales 
with glauconitic, sandy limestone interbeds representing a shallow marine environment. It overlies 
unconformably the Apollonia Formation and is overlain conformably by shallow marine light-colored 
sandstones of the Moghra formation [Fawzy and Dahi 1992]. 
4.3.2 Structural framework 
The dominant structural style of the Western Desert comprises two systems: a deeper series of low-
relief horst and graben belts, separated by master faults of large throw, and broad Late Tertiary folds 
at shallower depth [Sestini 1984]. The Western Desert is divided into a number of distinct, generally 
east to west oriented structural provinces (Figure 4.4). An extensive, east–west trending Sharib-
Sheiba Platform area separates the northern Alamein–Meleiha Basin complex (Northern Province) from 
the Abu Gharadig Basin area to the south. The eastern portion contains a complex of structural 
elements that include the Natrun Basin to the north, the Mubarak High and Kattanyia Horst in the 
middle and the Gindi and eastern Abu Gharadig Basin to the south. An extensive more or less north-
south trending Ghiarabub-Siwa Paleozoic Basin is present along the Libyan–Egyptian border.  
 
 
 
 
 
 
 
 
 
 
Figure  4.4: Schematic geological cross section along northwestern Egypt. Vertical exaggeration X13. 
Legend: 1, Pan African basement; 2, Paleozoic; 3, Jurassic, mainly marine (vertical bars) or mainly 
continental (stippled); 4, Cretaceous, the black line corresponds to the top Alamein dolomite (~top Aptian); 
5, Cenozoic. It shows the general structure of unstable shelf and stable shelf. The section pathway panel 
of the cross sections is in NNW-SSE direction [Guiraud and Bosworth 1999]. 
 
Abu Gharadig basin was actively subsiding since the Paleozoic. The basin downwarp was initiated in 
Carboniferous time and continued throughout the Jurassic and Cretaceous. It was formed during the 
Albian and reached maximum subsidence in the Late Cretaceous (Maastrichtian) and was 
subsequently inverted during the Paleocene-Eocene [Lüning et al. 2004]. There is a major uplift along 
its center that divides the basin into north Abu Gharadig Basin and south Abu Gharadig Basin [Meshref 
1990]. The structural pattern is dominated by NE-SW oriented faults coupled with a strong pattern of 
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NW–SE conjugate faults (Figure 4.5). These fault patterns suggest regional wrench faulting related to 
structural movement [Abd El Aal 1988].  
 
 
 
 
 
 
 
 
 
 
Figure  4.5: Schematic geologic cross sections showing the general structure of the unstable and stable 
shelf of northern part of the Western Desert, Egypt. The section pathway panel of the cross sections is 
NW-SE direction (modified after [Salem 1976; Guiraud and Bosworth 1999]). 
 
The types of faults are normal, reverse and strike–slip (right–and left–lateral) faults. The most 
predominant faults were initiated as simple tensional normal faults, trending mainly E-W, ENE and 
WNW wards, of Late Jurassic–Early Cretaceous age but then developed a strong right lateral 
component. The reverse faults are relatively few with ENE and E-W trend and are Cretaceous and 
younger in age [Meshref 1996]. Strike slip movements seem to have affected the orientation of many 
of the fold axes. The major folds owe their origin to compressional movements, which affected the 
area during the Late Cretaceous-Early Tertiary tectonic events. These folds are aligned in a general 
NE–SW trend (Syrian arc system) and plunge down to the southwest [Kostandi 1963]. The Syrian arc 
system folds are severely fractured and faulted. The main fracturing is in NW-SE direction, but some 
faults have an axis running parallel to the axis of the structures themselves  [Said 1962]. 
4.4 BASIN MODELING PROCEDURE 
Basin modeling has become an important tool in the study of the burial history and thermal evolution 
of sedimentary basins [Littke et al. 1994; Yalcin et al. 1997] and has a great potential to verify or 
falsify different theories on basin subsidence. In recent years, the development of two-dimensional 
integrated programs also permitted the analysis of aspects of fluid flow in sedimentary basins, in 
particular of migration and accumulation of oil and gas [Zhou and Littke 1999; Yahi et al. 2001]. Thus, 
basin modeling developed into a superb tool in petroleum system analysis. It comprises numerical 
simulation of the geologic structures through time, based on physical and chemical reactions [Welte 
and Yükler 1981; Ungerer et al. 1990; Burrus et al. 1996]. The thermal history of a basin controls 
hydrocarbon generation as well as migration and accumulation [Ungerer et al. 1990]. The basin model 
depends on a well-defined geologic time framework (conceptual model). The simulation is then 
performed on the numerical representation of the conceptual model (Tables 4.1-4.3). The physical 
sequence of layers has been converted into an uninterrupted sequence of events with absolute ages 
for each event boundary [Poelchau et al. 1997]. Each stratigraphic event represents a time span 
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during which one of the three basic geologic processes prevailed, i.e. accumulation of a layer 
(deposition), non-deposition (hiatus), or uplift and erosion (unconformity).  
 
Table  4.1: Chronostratigraphic conceptual model of the basin fill in terms of geologic processes operating 
at a specific time for BED 2-1 well. 
Name Top Base Thickness Deposition Age Erosion Age Lithology 
   Present Eroded from To from To  
 meter meter meter meter Ma Ma Ma Ma  
Surface     50   0 0 0 0   
N.D 50 50 0   1.64 0.1     Sandstone (clay rich) 
Kurkar 50 50 0   3.4 2.3 2.3 1.64 Sandstone (clay rich) 
Marmarica 50 50 0   16.3 7.7 6.7 3.4 Limestone (shaly) 
Moghra 50 370 320 150 26.3 18 17 16.3 Sandstone (clay poor) 
Dabaa 370 870 500   37 26.3     Shale (organic lean, silty) 
AP-A 870 920 50 120 40.94 39.6 38.6 37 Limestone (shaly) 
AP-B 920 930 10   41.73 40.94     Shale (organic lean, typical) 
AP-C 930 1080 150   50 41.73     Limestone (ooid grainstone) 
AP-D 1080 1110 30   56.5 50     Limestone (ooid grainstone) 
Esna 1110 1110 0 150 65 59 57 56.5 Shale (organic lean, typical) 
KH-A 1110 1570 460 200 82.91 69.1 67.1 65 Limestone (Chalk, 95% calcite) 
KH-B 1570 1630 60   84.64 82.91     Shale (organic lean, typical) 
AR-A 1630 1790 160 100 89.9 86 85 84.64 Limestone (shaly) 
AR-B 1790 1920 130   91.09 89.9     Limestone (ooid grainstone) 
AR-C-O 1920 1980 60   91.58 91.09     Shale (organic lean, sandy) 
AR-D-O 1980 2055 75   92.27 91.58     Limestone (shaly) 
AR-E-O 2055 2182 127   93.4 92.27     Sandstone (clay rich) 
AR-F-O 2182 2190 8   93.5 93.4     Limestone (shaly) 
AR-G-O 2190 2240 50 110 95.48 95 94.5 93.5 Shale (organic lean, sandy) 
AR-G-S1 2240 2250 10   95.56 95.48     Shale (organic rich, typical) 
AR-G-O 2250 2310 60   96.08 95.56     Shale (organic lean, sandy) 
AR-G-C 2310 2316 6   96.14 96.08     Shale (organic lean, typical) 
AR-G-R 2316 2318 2   96.16 96.14     Sandstone (clay poor) 
AR-G-C 2318 2322.4 4.4   96.2 96.16     Shale (organic lean, typical) 
BAH-O 2322.4 2428.4 106   97.53 96.2     Shale (organic lean, sandy) 
BAH-C 2428.4 2437.9 9.5   97.65 97.53     Shale (organic lean, typical) 
BAH-R1 2437.9 2442.4 4.5   97.71 97.65     Sandstone (clay poor) 
BAH-C 2442.4 2483.4 41   98.22 97.71     Shale (organic lean, typical) 
BAH-R2 2483.4 2486.7 3.3   98.26 98.22     Sandstone (typical) 
BAH-O 2486.7 2537.7 51   98.9 98.26     Sandstone (clay rich) 
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Table 4.1: (Cont.). 
Name Top Base Thickness Deposition Age Erosion Age Lithology 
   Present Eroded from To from To  
 meter meter meter meter Ma Ma Ma Ma  
KHT-O 2537.7 2680.7 143 150 102.58 100.5 99.5 98.9 Sandstone (clay rich) 
KHT-C 2680.7 2699.7 19   102.84 102.58     Shale (organic lean, typical) 
KHT-O 2699.7 2789.7 90   104.13 102.84     Shale (organic lean, sandy) 
KHT-S2 2789.7 2796.3 6.6   104.22 104.13     Shale (organic rich, 3% TOC) 
KHT-O 2796.3 3354 557.7   112.2 104.22     Shale (organic lean, sandy) 
DAH-S3 3354 3361.5 7.5   113.36 112.2     Shale (organic rich, 3% TOC) 
DAH-O 3361.5 3373.5 12   115.16 113.36     Shale (organic lean, sandy) 
AL-O 3373.5 3412.5 39   117.65 115.16     Shale (organic lean, typical) 
AL-C 3412.5 3432.5 20   118.74 117.65     Limestone (ooid grainstone) 
AL-C 3432.5 3449.5 17   119.54 118.74     Shale (organic lean, typical) 
SH-C 3449.5 3490.09 40.59 150 121.36 121 120 119.54 Shale (organic lean, typical) 
SH-O 3490.09 3701.65 211.56   123.15 121.36     Shale (organic lean, silty) 
Shaltut 3701.65 4101.65 400   124 123.15     Sandstone (clay rich) 
Betty 4101.65 4451.65 350   141.8 124     Sandstone (clay poor) 
Masajid 4451.65 4701.65 250 150 156.38 148.36 146.36 141.8 Limestone (ooid grainstone) 
Masajid 4701.65 4901.65 200   164.4 156.38     Limestone (ooid grainstone) 
Khatatba 4901.65 5351.65 450   172.84 164.4     Shale (organic lean, sandy) 
W. Natrun 5351.65 5501.65 150   180.1 172.84     
Shale (organic lean, siliceous, 
typical) 
Bahrein 5501.65 5701.65 200   203.8 180.1     Sandstone (clay rich) 
Eghei 5701.65 5701.65 0 400 228.9 212 207 205.4 Shale (organic lean, typical) 
Eghei 5701.65 5701.65 0 400 245.8 228.9 205.4 203.8 Sandstone (clay rich) 
Safi 5701.65 6001.65 300 80 290 255 250 245.8 Limestone (shaly) 
Safi 6001.65 6351.65 350 100 332.8 292 291 290 Sandstone (clay rich) 
Dhiffah 6351.65 6451.65 100 50 339.54 334.8 333.8 332.8 Sandstone (clay poor) 
Disouqy 6451.65 6601.65 150   358.17 339.54     Sandstone (clay rich) 
Zeitoun 6601.65 7001.65 400 200 384.4 366.4 361.4 358.17 Shale (organic lean, sandy) 
Zeitoun 7001.65 7501.65 500   402.4 384.4     Sandstone (clay poor) 
Basur 7501.65 7561.65 60 40 426.14 415.7 410.7 402.4 Sandstone (clay rich) 
Kohla 7561.65 7711.65 150   439 426.14     Sandstone (clay poor) 
Shifah 7711.65 7961.65 250 100 510 441 440 439 Sandstone (clay rich) 
Shifah 7961.65 8261.65 300 80 560 512 511 510 Sandstone (clay rich) 
Granite 8261.65 9261.65 1000   675 600     Granite (500 Ma old) 
  9261.65                 
1Source rock interval with 0.98 wt% TOC, HI is 472 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIIIH(DE)).    
2Source rock interval with 4.60 wt% TOC, HI is 346 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIII-IV(F)).    
3Source rock interval with 1.32 wt% TOC, HI is 248 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIII-IV(F)).   
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Table  4.2: Chronostratigraphic conceptual model of the basin fill in terms of geologic processes operating 
at a specific time for BED 3-3 well. 
Name Top Base Thickness 
Deposition 
Age 
Erosion Age Lithology 
   Present Eroded from To from To  
 meter meter meter meter Ma Ma Ma Ma  
Surface     11   0 0 0 0   
N.D 11 11 0   1.64 0.1     Sandstone (clay rich) 
Kurkar 11 11 0   3.4 2.3 2.3 1.64 Sandstone (clay rich) 
Marmarica 11 11 0   16.3 7.7 6.7 3.4 Limestone (shaly) 
Moghra 11 669.5 658.5 100 26.3 18 17 16.3 Sandstone (clay rich) 
Dabaa 669.5 1146.75 477.25   37 26.3     Shale (organic lean, silty) 
AP-A 1146.75 1272.51 125.76 80 40.94 39.6 38.6 37 Limestone (shaly) 
AP-B 1272.51 1293.2 20.69   41.66 40.94     Shale (organic lean, typical) 
AP-C 1293.2 1532.93 239.73   50 41.66     Limestone (ooid grainstone) 
AP-D 1532.93 1704.78 171.85   56.5 50     Limestone (ooid grainstone) 
Esna 1704.78 1704.78 0 160 65 59 57 56.6 Shale (organic lean, typical) 
KH-A 1704.78 2427.96 723.18 150 81.46 69.1 67.1 65 Limestone (Chalk, 95% calcite) 
KH-B-O1 2427.96 2614.01 186.05   84.64 81.46     Shale (organic lean, sandy) 
AR-A-O 2614.01 2869.13 255.12 60 89.9 86 85 84.64 Limestone (shaly) 
AR-B-C 2869.13 3026.68 157.55   91.62 89.9     Limestone (ooid grainstone) 
AR-C-O 3026.68 3124.35 97.67   92.67 91.62     Shale (organic lean, sandy) 
AR-D-O 3124.35 3181.14 56.79   93.28 92.67     Limestone (shaly) 
AR-E 3181.14 3181.14 0   93.28 93.28     Shale (organic lean, typical) 
AR-F-S1 3181.14 3201.93 20.79   93.5 93.28     Limestone (organic rich-1-2% TOC) 
AR-G-O 3201.93 3323.89 121.96 70 95.95 95 94.5 93.5 Shale (organic lean, sandy) 
AR-G-S2 3323.89 3343.39 19.5   96.1 95.95     Shale (organic rich, typical) 
AR-G-O 3343.39 3354.98 11.59   96.2 96.1     Shale (organic lean, typical) 
BAH-O 3354.98 3524.83 169.85   97.97 96.2     Shale (organic lean, silty) 
BAH-S3 3524.83 3538.53 13.7   98.11 97.97     Shale (organic rich, 3% TOC) 
BAH-O 3538.53 3614.41 75.88   98.9 98.11     Siltstone (organic lean) 
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Table 4.2: (Cont.). 
Name Top Base Thickness 
Deposition 
Age 
Erosion Age Lithology 
   Present Eroded from To from To  
 meter meter meter meter Ma Ma Ma Ma  
KHT-O 3614.41 3672.49 58.08 100 102.28 100.5 99.5 98.9 Sandstone (clay rich) 
KHT-C 3672.49 3699.18 26.69   103.1 102.28     Shale (organic lean, typical) 
KHT-R 3699.18 3720.07 20.89   103.74 103.1     Sandstone (clay poor) 
KHT-O 3720.07 3996.53 276.46   112.2 103.74     Shale (organic lean, silty) 
DAH 3996.53 4021.53 25   115.16 112.2     Shale (organic lean, silty) 
AL 4021.53 4096.53 75   119.54 115.16     Limestone (ooid grainstone) 
SH 4096.53 4596.53 500 100 124 121 120 119.54 Sandstone (clay rich) 
Betty 4596.53 4946.53 350   141.8 124     Sandstone (typical) 
Masajid 4946.53 5196.53 250 150 160.39 148.36 146.36 141.8 Limestone (ooid grainstone) 
Masajid 5196.53 5396.53 200   164.4 160.39     Limestone (ooid grainstone) 
Khatatba 5396.53 5846.53 450   172.84 164.4     Shale (organic lean, sandy) 
W. Natrun 5846.53 5996.53 150   180.1 172.84     Shale (organic lean, silty) 
Bahrein 5996.53 6196.53 200   203.8 180.1     Sandstone (typical) 
Eghei 6196.53 6196.53 0 400 228.9 212 207 205.4 Shale (organic lean, typical) 
Eghei 6196.53 6196.53 0 400 245.8 228.9 205.4 203.8 Sandstone (typical) 
Safi 6196.53 6496.53 300 90 290 255 250 245.8 Limestone (shaly) 
Safi 6496.53 6846.53 350 100 332.8 292 291 290 Sandstone (clay rich) 
Dhiffah 6846.53 6946.53 100 60 339.54 334.8 333.8 332.8 Sandstone (typical) 
Disouqy 6946.53 7096.53 150   358.17 339.54     Sandstone (clay rich) 
Zeitoun 7096.53 7496.53 400 220 384.4 366.4 361.4 358.17 Shale (organic lean, sandy) 
Zeitoun 7496.53 7996.53 500   402.4 384.4     Sandstone (typical) 
Basur 7996.53 8056.53 60 60 426.14 415.7 410.7 402.4 Sandstone (clay rich) 
Kohla 8056.53 8206.53 150   439 426.14     Sandstone (clay poor) 
Shifah 8206.53 8456.53 250 120 510 441 440 439 Sandstone (clay rich) 
Shifah 8456.53 8756.53 300 100 560 512 511 510 Sandstone (typical) 
Granite 8756.53 9756.53 1000   675 600     Granite (500 Ma old) 
  9756.53                 
1Source rock interval with 2.5 wt% TOC, HI is 678 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TII(B)). 
2Source rock interval with 0.98 wt% TOC, HI is 472 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIIIH(DE)). 
3Source rock interval with 2.17 wt% TOC, HI is 241 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIIIH(DE)).    
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Table  4.3: Chronostratigraphic conceptual model of the basin fill in terms of geologic processes operating 
at a specific time for SIT 1-1 well. 
Name Top Base Thickness 
Deposition 
Age 
Erosion Age Lithology 
   Present Eroded from To from To  
 meter meter meter meter Ma Ma Ma Ma  
Surface     0   0 0 0 0   
N.D 0 0 0   1.64 0.1     Sandstone (clay rich) 
Kurkar 0 0 0   3.4 2.3 2.3 1.64 Sandstone (clay poor) 
Marmarica 0 0 0   16.3 7.7 6.7 3.4 Limestone (shaly) 
Moghra 0 511.1 511.1 120 26.3 18 17 16.3 Sandstone (clay rich) 
Dabaa 511.1 1021.14 510.04   37 26.3     Shale (organic lean, silty) 
AP-A 1021.14 1101.09 79.95 100 40.94 39.6 38.6 37 Limestone (shaly) 
AP-B 1101.09 1118.64 17.55   41.55 40.94     Shale (organic lean, typical) 
AP-C 1118.64 1364.14 245.5   50 41.55     Limestone (ooid grainstone) 
AP-D 1364.14 1459.14 95   56.5 50     Limestone (ooid grainstone) 
Esna 1459.14 1459.14 0 130 65 59 57 56.5 Limestone (shaly) 
KH-A 1459.14 1960.14 501 180 82.5 69.1 67.1 65 Limestone (Chalk, 95% calcite) 
KH-B 1960.14 2040.14 80   84.64 82.5     Shale (organic lean, typical) 
AR-A-O 2040.14 2206 165.86 100 89.9 86 85 84.64 Limestone (shaly) 
AR-B-C 2206 2309.25 103.25   90.78 89.9     Limestone (ooid grainstone) 
AR-C-O 2309.25 2370.78 61.53   91.32 90.78     Siltstone (organic lean) 
AR-D-O 2370.78 2461.08 90.3   92.1 91.32     Limestone (shaly) 
AR-E-O 2461.08 2593.01 131.93   93.25 92.1     Sandstone (clay rich) 
AR-F-O 2593.01 2596.01 3   93.28 93.25     Limestone (ooid grainstone) 
AR-F-C 2596.01 2602.82 6.81   93.34 93.28     Shale (organic lean, typical) 
AR-F-S1 2602.82 2621.14 18.32   93.5 93.34     Limestone (organic rich – 1-2% TOC) 
AR-G-O 2621.14 2757.47 136.33 90 96.2 95 94.5 93.5 Shale (organic lean, sandy) 
BAH-O 2757.47 2861.78 104.31   97.39 96.2     Sandstone (clay rich) 
BAH-C 2861.78 2942.26 80.48   98.31 97.39     Shale (organic lean, typical) 
BAH-R 2942.26 2944.16 1.9   98.34 98.31     Sandstone (clay poor) 
BAH-O 2944.16 2949.16 5   98.4 98.34     Sandstone (clay rich) 
BAH-C 2949.16 2952.37 3.21   98.44 98.4     Shale (organic lean, typical) 
BAH-R 2952.37 2954.67 2.3   98.47 98.44     Sandstone (clay poor) 
BAH-O 2954.67 2992.41 37.74   98.9 98.47     Sandstone (clay rich) 
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Table 4.3: (Cont.). 
Name Top Base Thickness 
Deposition 
Age 
Erosion Age Lithology 
   Present Eroded from To from To  
 meter meter meter meter Ma Ma Ma Ma  
KHT-O 2992.41 3123.74 131.33 120 102.31 100.5 99.5 98.9 Sandstone (clay rich) 
KHT-S2 3123.74 3136.45 12.71   102.48 102.31     Shale (organic rich, 3% TOC) 
KHT-O 3136.45 3853.87 717.42   112.2 102.48     Sandstone (clay rich) 
DAH-S3 3853.87 3879.19 25.32   115.16 112.2     Shale (organic rich, 3% TOC) 
AL-O 3879.19 3889.2 10.01   115.87 115.16     Limestone (shaly) 
AL-S4 3889.2 3904.22 15.02   116.94 115.87     Shale (organic rich, 3% TOC) 
AL-O 3904.22 3940.25 36.03   119.54 116.94     Limestone (shaly) 
SH-O 3940.25 4017.33 77.08 120 122.3 121 120 119.54 Sandstone (clay poor) 
SH 4017.33 4417.33 400   124 122.3     Sandstone (clay rich) 
Betty 4417.33 4767.33 350   141.8 124     Sandstone (clay poor) 
Masajid 4767.33 5017.33 250 150 156.38 148.36 146.36 141.8 Limestone (ooid grainstone) 
Masajid 5017.33 5217.33 200   164.4 156.38     Limestone (ooid grainstone) 
Khatatba 5217.33 5667.33 450   172.84 164.4     Shale (organic lean, sandy) 
W. Natrun 5667.33 5817.33 150   180.1 172.84     Shale (typical) 
Bahrein 5817.33 6017.33 200   203.8 180.1     Sandstone (clay rich) 
Eghei 6017.33 6017.33 0 400 228.9 212 207 205.4 Shale (organic lean, typical) 
Eghei 6017.33 6017.33 0 400 245.8 228.9 205.4 203.8 Sandstone (clay rich) 
Safi 6017.33 6317.33 300 80 290 255 250 245.8 Limestone (shaly) 
Safi 6317.33 6667.33 350 100 332.8 292 291 290 Sandstone (clay rich) 
Dhiffah 6667.33 6767.33 100 50 339.54 334.8 333.8 332.8 Sandstone (clay rich) 
Disouqy 6767.33 6917.33 150   358.17 339.54     Sandstone (clay rich) 
Zeitoun 6917.33 7317.33 400 200 384.4 366.4 361.4 358.17 Shale (organic lean, sandy) 
Zeitoun 7317.33 7817.33 500   402.4 384.4     Sandstone (typical) 
Basur 7817.33 7877.33 60 40 426.14 415.7 410.7 402.4 Sandstone (clay rich) 
Kohla 7877.33 8027.33 150   439 426.14     Sandstone (clay poor) 
Shifah 8027.33 8277.33 250 100 510 441 440 439 Sandstone (clay rich) 
Shifah 8277.33 8577.33 300 80 560 512 511 510 Sandstone (typical) 
Granite 8577.33 9577.33 1000   675 600     Granite (500 Ma old) 
  9577.33                 
1Source rock interval with 1.5 wt% TOC, HI is 678 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TII(B)).  
2Source rock interval with 3.0 wt% TOC, HI is 346 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIII-IV(F)).    
3Source rock interval with 1.8 wt% TOC, HI is 248 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIII-IV(F)).    
4Source rock interval with 1.4 wt% TOC, HI is 223 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIIIH(DE)).    
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The goal is to achieve a reliable “chronostratigraphic” interpretation of a basin-fill, so that the 
distribution and nature of sedimentary facies is modelled in terms of geologic processes operating at a 
specific time. The composite time scale of [Harland et al. 1990] that includes the geologic records 
from the Cambrian to the present time was used for chronostratigraphic subdivisions. Since present-
day thicknesses are those of compacted sediments, they must be corrected to reflect the actual 
porosity at any geologic time, i.e. the layer must be decompacted. This is achieved by a 
“Backstripping method” or by iterative forward modeling using assumptions about original porosities. 
In order to model layer thickness as a function of time, it is necessary to model the change in porosity 
as a function of time or, equivalently, as a function of depth.  
The backbone of basin modeling is the reconstruction of paleo-temperature and its spatial variation in 
the basin. Basin simulation tools determine temperature fields using the finite element method. 
Therefore, the simulation program needs boundary conditions. Temperature at the top, the bottom 
and sides of a sedimentary basin must be established to determine the interior temperature field 
[Broichhausen 2004; Broichhausen et al. 2005]. Temperature is calculated from basal heat flow values 
specified for each geologic event, thermal conductivity (Table 4.4) and surface temperature [Yalcin et 
al. 1997]. The thermal boundary conditions are the sediment-water interface temperature at the top 
of the model and the paleoheat flow at the bottom (Tables 4.5-4.7). Temperatures at the sediment–
water interface depend on water depth and paleolatitude. [Wygrala 1989] has synthesized surface 
temperature trends as a time-latitude diagram, which is useful for estimating values for shallow water 
sediments within global climatic belts. For paleo heat flow values the most reasonable initial approach 
consists of using the known plate tectonic framework and analogies of the basin to be modeled and 
crustal evolution models (see [Allen and Allen 1990]).  
The calculation of vitrinite reflectance from temperature histories was carried out using the EASY%Ro 
algorithm of [Sweeney and Burnham 1990] which is based on reaction kinetic results that allow the 
calculation of vitrinite reflectance values between 0.3 and 4.5 % VRr. The thermal modeling 
procedures include the reconstruction of the present-time temperature regime and the temperature 
history evaluation.  Bottom-hole temperatures (BHTs) were used to calculate the present-day 
temperature (Figure 4.6). Deficiencies in the database must be recognized. Normally, more than one 
interpretation fits the observable data. The calculated parameters are compared with measured data 
so that the thermal model can be calibrated (Figure 4.6). If necessary, the conceptual model is 
adjusted or modified to lead to a better match between simulation results and calibration data. 
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Table  4.4: Summary of some established characteristic parameters of lithostratigraphic unit in Abu 
Gharadig basin used for modeling. 
Lithology Radiogenic Heat 
Mechanical 
Compaction 
Thermal 
Conductivity 
Heat 
Capacity 
Name U Th K40 Density IP MP 20°C 100°C 20°C 100°C 
 ppm ppm % Kg m-3 Untiless W m-1  K-1 Kcal kg-1  K-1 
Sandstone (typical)* 1.3 3.5 1.3 2720 0.41 0.01 3.95 3.38 0.204 0.236 
Sandstone (clay rich)* 1.5 5.1 3.6 2760 0.4 0.01 3.35 2.95 0.206 0.238 
Sandstone (clay poor)* 0.7 2.3 0.6 2700 0.42 0.01 5.95 4.85 0.196 0.226 
Sandstone (quartzite, typical)* 0.6 1.8 0.9 2640 0.42 0.01 6.15 5 0.213 0.246 
Sandstone (subarkose, dolomite rich)* 0.9 2.7 0.9 2710 0.4 0.01 4.1 3.49 0.201 0.232 
Sandstone (arkose, clay poor)* 2 7 1 2710 0.39 0.01 4 3.42 0.2 0.231 
Shale (typical)* 3.7 12 2.7 2700 0.7 0.01 1.64 1.69 0.206 0.238 
Shale (organic lean, typical)* 3.7 12 2.7 2700 0.7 0.01 1.7 1.74 0.206 0.238 
Shale (organic lean, sandy)* 2.8 11 2.5 2700 0.65 0.01 1.84 1.84 0.206 0.238 
Shale (organic lean, silty)* 3 11 2.6 2700 0.67 0.01 1.77 1.79 0.206 0.238 
Shale (organic lean, siliceous, typical)* 2 4.5 2 2710 0.7 0.01 1.9 1.88 0.206 0.238 
Shale (black) 19 11 2.5 2500 0.7 0.01 0.9 1.15 0.225 0.26 
Shale (organic rich, typical)* 5 12 2.8 2600 0.7 0.01 1.25 1.41 0.215 0.248 
Shale (organic rich, 3% TOC)* 5 12 2.8 2610 0.7 0.01 1.45 1.55 0.21 0.243 
Shale (organic rich, 8% TOC)* 10 11 2.9 2500 0.7 0.01 1.2 1.37 0.215 0.248 
Siltstone (organic lean)* 2 5 1 2720 0.55 0.01 2.05 1.99 0.217 0.251 
Siltstone (organic rich, typical) 2 5 1 2710 0.55 0.01 2.01 1.96 0.225 0.26 
Conglomerate (typical) 1.5 4 2 2700 0.3 0.01 2.3 2.18 0.196 0.226 
Anhydrite* 0.1 0.3 0.4 2970 0.01 0.01 6.3 5.11 0.179 0.207 
Chert 1 1 0.7 2650 0.45 0.01 4.8 4.01 0.213 0.246 
Gypsum 0.08 0.2 0.3 2320 0.01 0.01 1.5 1.59 0.263 0.304 
Halite 0.02 0.01 0.1 2200 0.01 0.01 6.5 5.25 0.206 0.238 
Chalk (typical) 1.9 1.4 0.25 2680 0.7 0.01 2.9 2.62 0.203 0.234 
Coal (pure) 1.5 3 0.55 1600 0.76 0.01 0.3 0.71 0.311 0.359 
Kerogen 100 0 0 1100 0.76 0.01 1 1.22 0.002 0.002 
Limestone (ooid grainstone)* 1 1 0.2 2740 0.35 0.01 3 2.69 0.2 0.231 
Limestone (shaly)* 2 4 1 2730 0.48 0.01 2.3 2.18 0.203 0.234 
Limestone (organic rich - typical) 5 1.5 0.26 2680 0.51 0.01 2 1.96 0.202 0.233 
Limestone (organic rich - 1-2% TOC)* 2.5 1.7 0.27 2710 0.51 0.01 2.63 2.42 0.201 0.232 
Limestone (Chalk, 95% calcite)* 1.9 1.4 0.25 2680 0.7 0.01 2.9 2.62 0.198 0.229 
Limestone (Chalk, 75% calcite)* 1.9 1.4 0.25 2680 0.67 0.01 2.65 2.43 0.201 0.232 
Marl 2.5 5 2 2700 0.5 0.01 2 1.96 0.203 0.234 
Dolomite (typical)* 0.8 0.6 0.4 2790 0.35 0.01 4.2 3.57 0.206 0.238 
Basalt (normal) 0.9 2.7 0.8 2870 0.01 0.01 1.8 1.81 0.191 0.221 
Gabbro 0.25 0.8 0.5 2870 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (150 Ma old) 6.5 17 5.7 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (500 Ma old)* 4.5 15 4.5 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (> 1000 Ma old) 4 13.5 3.5 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granodiorite 2.3 9.3 2.8 2720 0.03 0.03 2.6 2.4 0.174 0.201 
Gneiss 2.1 9.7 2.2 2740 0.01 0.01 2.9 2.62 0.22 0.254 
*Actual used lithologies for the used model. IP: Initial Porosity. MP: Minimum Porosity. 
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Table  4.5: The thermal boundary conditions for BED 2-1 well including the sediment-water interface 
temperature at the top of the model and the paleo-heat flow at the bottom. The tentative paleowater depth 
is based on palynological and foraminiferal analysis of ditch samples for the Cretaceous age [Abd El 
Kireem et al. 1996]. Sediment–water interface temperature depends on water depth and paleolatitude, 
synthesized after [Wygrala 1989]. The basal heat flow values are specified for each geologic event using 
the known plate tectonic framework and crustal evolution models [Allen and Allen 1990]. 
Age WD Age WD Age SWIT Age SWIT Age HF 
Ma meter Ma meter Ma Celsius Ma Celsius Ma mWm-2 
0 30 107.61 42 0 19.24 104.77 29 0 49 
3.4 50 109.57 41 3.4 19.69 107.48 29 19.16 50.46 
7.7 70 112.2 40 7.7 18.97 115.16 29 28.52 52.53 
16.3 60 113.36 45 16.3 19.94 118.74 28 33.31 55.7 
18 50 117.65 60 18 21.3 119.54 28 35.65 58.11 
26.3 70 118.74 80 37 22.86 124 29 36.99 60 
37 80 119.54 100 39.6 23 141.8 28.77 39.6 60 
39.6 90 121 90 40.94 23 148.36 25.84 39.6 52 
40.94 100 121.39 80 41.73 22.14 156.38 23.33 66.63 53.52 
41.73 120 122.39 70 50 23.21 164.4 24.41 92.27 55.59 
50 150 122.41 65 56.5 23.63 172.84 23.49 106.2 58.66 
56.5 170 123.15 60 59 23.67 180.1 23 114.8 64.51 
59 200 124 50 65 25.03 203.8 24.4 119.54 70 
65 100 141.8 30 69.1 14.72 212 25.74 121 70 
69.1 600 148.36 200 82.91 19.23 228.9 27.51 121 55 
82.91 450 156.38 250 84.64 27 245.8 25.7 146.65 55.98 
84.64 200 164.4 60 89.9 28 255 24.77 165.92 56.96 
86 150 172.84 80 91.09 27 290 23.22 184.04 59.48 
89.9 100 180.1 100 91.58 28 292 23.5 194.33 62.98 
91.09 150 203.8 30 95.48 28 332.8 24 200.27 69.1 
91.58 100 212 30 95.56 28 339.54 23 203.8 75 
92.27 50 228.9 40 96.08 28 358.17 24 209 75 
93.09 70 245.8 50 98.9 29 402.4 23 209 60 
93.4 80 290 40 100.5 29 426.14 23 675 60 
93.5 100 292 35 102.58 29 441 23     
95 90 332.8 30 102.84 29 510 24     
95.48 80 334.8 100 104.13 29 560 24     
95.56 70 339.54 80 104.22 29 600 24     
96.08 60 358.17 50 104.5 29 675 25     
96.14 50 366.4 100         
96.16 40 384.4 80         
96.2 40 402.4 70         
98.26 33 415.7 80         
98.9 30 426.14 100         
100.5 33 439 70         
102.58 40 441 60         
104.13 41 512 40         
104.22 41 600 30         
104.5 45 675 0         
SWIT: Sediment-water interface temperature 
HF: Heat flow    
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Table  4.6: The thermal boundary conditions for BED 3-3 well including the sediment-water interface 
temperature at the top of the model and the paleo-heat flow at the bottom. The tentative paleowater depth 
is based on palynological and foraminiferal analysis of ditch samples for the Cretaceous age [Abd El 
Kireem et al. 1996]. Sediment–water interface temperature depends on water depth and paleolatitude, 
synthesized after [Wygrala 1989]. The basal heat flow values are specified for each geologic event using 
the known plate tectonic framework and crustal evolution models [Allen and Allen 1990]. 
Age WD Age WD Age SWIT Age SWIT Age HF 
Ma meter Ma meter Ma Celsius Ma Celsius Ma mWm-2 
0 30 101.94 33 0 19.24 103.74 29 0 43 
2.3 30 102.28 36 2.3 19.48 107.95 29 19.11 45.37 
3.4 50 103.74 38 3.4 19.69 108.19 29 29.45 47.89 
7.7 70 107.95 40 7.7 18.97 112.2 29 33.36 51.12 
16.3 60 108.19 45 16.3 19.94 115.16 29 35.6 55.25 
18 50 112.2 50 18 21.3 119.54 28 36.99 60 
26.3 60 115.16 50 26.3 21.32 121 28 39.6 60 
36.19 80 119.54 100 36.19 22.73 124 29 39.6 52 
37 90 121 80 37 22.86 141.8 28.77 66.59 52.66 
39.6 100 124 50 39.6 23 146.29 26.29 92.54 53.64 
40.94 120 141.8 30 40.94 22 148.36 25.84 106.89 57.05 
41.66 200 146.29 126.8 41.66 22.14 160.39 22.78 114.26 61.9 
50 200 148.36 200 50 23.21 164.4 24.41 119.54 70 
56.5 200 160.39 250 56.5 23.63 172.84 23.49 121 70 
59 120 164.4 60 59 23.67 180.1 23 121 55 
65 100 172.84 80 65 25.03 203.8 24.4 146.62 55.53 
69.1 660 180.1 100 69.1 14.72 228.9 27.51 166.07 55.97 
81.46 450 203.8 30 81.46 19.17 245.8 25.7 183.78 58.13 
84.54 300 228.9 40 84.54 23.99 255 24.77 194.41 61.54 
84.64 200 255 50 84.64 27 290 23.22 200.37 68.01 
88.12 151.9 290 40 88.12 27 292 23.5 203.8 75 
86 100 292 35 86 28 332.8 24 209 75 
87.43 112 332.8 30 87.43 27 334.8 23 209 60 
87.51 120 334.8 100 87.51 27 339.54 23 675 60 
88.14 111 339.54 80 88.14 27 358.17 24     
88.27 100 358.17 50 88.27 28 366.4 23     
91.62 150 366.4 100 91.62 27 384.4 23     
92.37 12 384.4 80 92.37 29 402.4 23     
92.4 50 402.4 70 92.4 29 415.7 23     
92.67 60 415.7 80 92.67 28 426.14 23     
93.28 70 426.14 100 93.28 28 439 23     
93.5 100 439 70 93.5 28 441 23     
95 90 441 60 95 28 510 24     
95.95 80 510 50 95.95 28 512 24     
96.1 60 512 40 96.1 28 560 24     
97.26 40 560 35 97.26 29 600 24     
97.32 35 600 30 97.32 29 675 25     
98.9 30 675 0 98.9 29       
SWIT: Sediment-water interface temperature 
HF: Heat flow    
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Table  4.7: The thermal boundary conditions for SIT 1-1 well including the sediment-water interface 
temperature at the top of the model and the paleo-heat flow at the bottom. The tentative paleowater depth 
is based on palynological and foraminiferal analysis of ditch samples for the Cretaceous age [Abd El 
Kireem et al. 1996]. Sediment–water interface temperature depends on water depth and paleolatitude, 
synthesized after [Wygrala 1989]. The basal heat flow values are specified for each geologic event using 
the known plate tectonic framework and crustal evolution models [Allen and Allen 1990]. 
Age WD Age WD Age SWIT Age SWIT Age HF 
Ma meter Ma meter Ma Celsius Ma Celsius Ma mWm-2 
0 33 98.9 30 0 19.24 98.9 29 0 45 
3.4 60 100.5 31 3.4 18.69 100.5 29 19.16 48 
7.7 70 102.12 32 7.7 18.97 102.12 29 28.52 50 
16.3 60 108 33 16.3 19.94 108 29 33.74 52.96 
18 50 108.94 35 18 21.3 108.94 29 35.65 56 
26.3 60 112.2 40 26.3 21.32 112.2 29 36.99 60 
37 80 115.16 50 37 22.86 115.16 29 39.6 60 
39.6 90 119.54 100 39.6 23 119.54 28 39.6 52 
40.94 100 121 80 40.94 23 121 28 66.63 53.52 
41.6 120 124 50 41.6 22.14 124 29 92.27 55.59 
50 150 141.8 30 50 23.21 141.8 28.77 106.2 58.66 
56.5 200 148.36 200 56.5 23.63 148.36 25.84 114.8 64.51 
59 200 156.38 250 59 23.67 156.38 23.33 119.54 70 
65 100 164.4 60 65 25.03 164.4 24.41 121 70 
69.1 600 172.84 80 69.1 14.72 172.84 23.49 121 55 
81.61 500 180.1 100 81.61 17.76 180.1 23 146.65 55.98 
82.27 400 203.8 30 82.27 20.66 203.8 24.4 165.92 56.96 
82.47 300 212 30 82.47 23.52 212 25.74 184.04 59.48 
84.64 200 228.9 40 84.64 27 228.9 27.51 194.33 62.98 
86 100 245.8 50 86 28 245.8 25.7 200.27 69.1 
88 100 255 50 88 28 255 24.77 203.8 75 
88.97 120 290 40 88.97 27 290 23.22 209 75 
89.26 130 292 35 89.26 27 292 23.5 209 60 
89.9 100 332.8 30 89.9 28 332.8 24 675 60 
90.24 150 334.8 100 90.24 27 334.8 23     
90.69 50 339.54 80 90.69 29 339.54 23     
92.5 70 358.17 50 92.5 28 358.17 24     
92.91 80 366.4 100 92.91 28 366.4 23     
93.5 100 384.4 80 93.5 28 384.4 23     
95 90 402.4 70 95 28 402.4 23     
95.32 80 415.7 80 95.32 28 415.7 23     
95.66 70 426.14 100 95.66 28 426.14 23     
95.76 60 439 70 95.76 28 439 23     
96.04 50 441 60 96.04 29 441 23     
97.17 40 510 50 97.17 29 510 24     
97.36 39 560 35 97.36 29 560 24     
98.22 37 600 30 98.22 29 600 24     
98.48 35 675 0 98.48 29 675 25     
98.57 33   98.57 29       
SWIT: Sediment-water interface temperature 
HF: Heat flow    
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Figure  4.6: Plot of paleotemperature calibrated with measured corrected static bottom hole temperature 
and the measured vitrinite reflectance data in a reference wells (BED 2-1, BED 3-3, BED 17-1, SIT1-1) 
against depth. The calculation of vitrinite reflectance from temperature histories was carried out using the 
EASY%Ro algorithm of [Sweeney and Burnham 1990] which allows the calculation of vitrinite reflectance 
values between 0.3 and 4.5% VRr. The cross-plot of observed and computed reflectance shows a good fit. 
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4.5 RESULTS AND DISCUSSION 
The Cambrian sediments are dominantly clastics derived primarily from crystalline basement rocks to 
the south and west (Shifah Formation). At the Cambrian-Ordovician transition the Sardinian tectonic 
event [Wennekers et al. 1996] was responsible for the erosion of the  sedimentary sequences, which 
reflects regional uplift caused by gentle tectonic deformation [Fabre 1988]. Terrigenous facies were 
predominant during the Early Ordovician [Beydoun et al. 1994] (Shifah Formation). The frequent 
presence of unconformities on the top of Ordovician formations reflects tectonic instability (Taconian 
events and uplift [Abed et al. 1993; Stump et al. 1995; Wennekers et al. 1996]).  
The Early Silurian was characterized by global high sea level [Ross and Ross 1988], accompanied by a 
major transgression on the northern African Platform with sandstone deposition (Kohla Formation). 
During the Late Silurian, sandstone deposition (Basur Formation) dominated prior to tectonic activity 
and uplift [Fawzy and Dahi 1992], expressed by frequent Late Silurian–Early Devonian hiatuses and 
unconformities in Egypt [Stump et al. 1995; Wennekers et al. 1996; Semtner et al. 1997]. The Early 
Paleozoic Caledonian event caused the north-south folding and blocks faulting system. In Devonian 
time, the deposition of fluvio deltaic sandstones dominated in a north-south trending complex 
representing the lowermost part of the Zeitoun Formation. During the Middle and Late Devonian a 
moderate transgression was accompanied by deposition of limestones and shales [Guiraud and 
Bosworth 1999] (Uppermost Zeitoun Formation).  
During the Early Carboniferous, a regression took place that was followed by the deposition of the 
fluvio-deltaic sediments known as the Disouqy Formation and Dhiffah Formation. The early Middle 
Carboniferous is characterized by the Sudetic unconformity, (334.8-332.8 Mabp) followed by low sea 
level that resulted in a deposition of clastic sediments of the Safi Formation. A major unconformity 
(Saalian) is well documented in northwestern Egypt [Keeley 1994] and marks the Carboniferous-
Permian transition over a large area [Guiraud and Bosworth 1999]. Erosion represents a regional echo 
of stronger deformations registered along the plate margin [Ziegler 1990]. During the Permian, a 
limestone sequence was deposited. The Permian-Triassic transition is often marked by hiatuses, 
accompanied by minor unconformities [Fabre 1988]. Because of Late Paleozoic tectonic activity 
events, north-south folding and block faulting took place. During Permo-Triassic to Early Jurassic time 
a period of tilting and uplift prevailed in the Western Desert with deposition of red beds and sands, 
devoid of fauna, in structurally low areas [Fawzy and Dahi 1992] followed by uplift and erosion.  
The Jurassic rifting phase resulted in the formation of E-W trending half-grabens along the northern 
Egyptian shelf [Moustafa and Khalil 1990; Hirsch et al. 1995; Guiraud and Bosworth 1999]. This 
extensional regime has been interrupted by several short-lived compressional phases [Khaled 1999]. 
The basement rocks, together with the overlying Paleozoic sedimentary rocks, were faulted during the 
Early Jurassic, resulting in the creation of basins that were aligned northeast-southwest [Salem 1976]. 
A strong tectonic activity, referred to as the late Kimmerian Orogenic event [Nikishin et al. 1999], 
occurred at the Jurassic-Cretaceous transition, marked by very frequent unconformities and gaps in 
the series which are particularly important along northern Egypt [Keeley and Wallis 1991; Abd El Aziz 
et al. 1998; El Toukhy et al. 1998]. These phenomena are associated with uplift, block-tilting and 
sometimes slight folding caused by local transgression [Guiraud 1998]. Moreover, regional subsidence 
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resumed, resulting in a progressive tilting of the Sitra platform towards the north accompanied by 
minor faulting [Macgregor 1998]. 
During the Neocomian and Barremian, continental rifting was very active in Africa-Arabia [Guiraud and 
Maurin 1992]. Dominantly east-west trending rifts developed in northern Egypt [Bayoumi and Lotfy 
1989; Moustafa et al. 1998]. These rifts were filled by thick fluviatile-lacustrine series, while low sea 
levels prevailed [Guiraud and Bosworth 1999]. In Aptian–Albian times, the Qattara Ridge became 
uplifted and subjected to erosion or non-deposition prior to the onlap of the Late Albian–Cenomanian 
clastics. During the Maastrichtian the Abu Gharadig basin reached its maximum extension, while 
clastic starvation conditions prevailed which led to the deposition of the very thick Khoman Formation 
[Fawzy and Dahi 1992]. During Late Cretaceous times, tectonic activity increased drastically with a 
higher rate of displacement along the already existing faults, sometimes associated with lateral 
displacement [Macgregor 1998]. This Cretaceous-Tertiary tectonic activity resulted in the elevation 
and folding of major portions of the north Western Desert along an east–northeast west-southwest 
trend Syrian arc system and in the development of faults with considerable displacements [Hantar 
1990]. Unconformities are known at different stratigraphic levels within the Cretaceous. Paleocene 
sediments of the Esna Formation (deposition age 65-59 Mabp) was completely eroded thereafter 
(Eocene Unconformity). By the advent of Late Paleocene, active subsidence affected parts of the Abu 
Gharadig Basin and the Gindi Basin [Said 1990 a]. This resulted in a deposition of thick deep marine 
sediments of the Apollonia Formation (~56.5-39.6 Mabp). The late Eocene inversion phase E-W 
striking extensional faults were reactivated as reverse faults in northern Egypt [El Toukhy et al. 1998]. 
The Early-Middle Miocene Styrian event resulted in a new stage of folding and uplift. 
4.5.1 Burial history 
The burial history of the Abu Gharadig basin is represented by time-depth history plots (Figures 4.7-
4.12) that show the burial of different horizons traced through time, from deposition to present day. 
The plots indicate the main features of deposition in the Abu Gharadig Basin. The model of the 
unconformity surface is considered as a period of deposition and erosion. Cretaceous sediments were 
deposited continuously until a period of uplift occurred (~100-99 Mabp). This uplift was followed by 
renewed subsidence until a depositional hiatus was reached at ~95-93 Mabp. The hiatus persisted 
until ~93 Mabp, when subsidence commenced again with deposition of Late Cretaceous sediments of 
Abu Roash and Khoman formations. The top of Abu Roash Formation is recorded at a present day 
depth range of 1630m at BED 2-1 well and 2614m at BED 3-3 well. 
The rapid deposition of the Khoman Formation during the Maastrichtian contrasts with slow Eocene 
subsidence. Figures 4.7-4.12 show the tectonic subsidence of the studied wells, normalized from the 
start of the burial. The sediment and water load above the horizon of interest in a sedimentary basin 
causes isostatic effects so that the total subsidence is made up of a tectonic driving force component 
(due to extensional forces acting on the lithosphere), thermal effects (due to changes in the 
lithosphere heat flow), and the response of the lithosphere due to the load of sediment. The Abu 
Gharadig basin is a rift basin that is fault-controlled.  
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Figure  4.7: Quantitative simulated geohistory, burial history and recalibrated temperature development 
history as a function of time and space of the reference (BED 2-1 and BED 3-3 wells) using the 
paleotemperature determined by Easy% Ro approach. The solid lines traces the depth-time relation for the 
sediment with discrepancy between present (compacted) and decompacted thickness. The lower curve 
shows subsidence of the basement. The upper curves are sea-level and the sediment interface. 
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Figure  4.8: Quantitative simulated geohistory, burial history and recalibrated temperature development 
history as a function of time and space of the reference (BED 2-1 and BED 3-3 wells) using the 
paleotemperature determined by Easy% Ro approach. The solid lines traces the depth-time relation for the 
sediment with discrepancy between present (compacted) and decompacted thickness. The lower curve 
shows subsidence of the basement. The upper curves are sea-level and the sediment interface. 
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Figure  4.9: Quantitative simulated geohistory, burial history and recalibrated temperature development 
history as a function of time and space of the reference (BED 17-1 and SIT 1-1 wells) using the 
paleotemperature determined by Easy% Ro approach. The solid lines traces the depth-time relation for the 
sediment with discrepancy between present (compacted) and decompacted thickness. The lower curve 
shows subsidence of the basement. The upper curves are sea-level and the sediment interface. 
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Figure  4.10: Quantitative simulated geohistory, burial history and recalibrated temperature development 
history as a function of time and space of the reference (BED 17-1 and SIT 1-1 wells) using the 
paleotemperature determined by Easy% Ro approach. The solid lines traces the depth-time relation for the 
sediment with discrepancy between present (compacted) and decompacted thickness. The lower curve 
shows subsidence of the basement. The upper curves are sea-level and the sediment interface. 
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Figure  4.11: Simulated burial history at locations BED 2-1 and BED 3-3 wells, with maturity overlay using 
the Easy%Ro algorithm [Sweeney and Burnham 1990] against geologic time scale (Ma).  
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Figure  4.12: Simulated burial history at locations BED 17-1 and SIT 1-1 wells, with maturity overlay using 
the Easy%Ro algorithm [Sweeney and Burnham 1990] against geologic time scale (Ma).  
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Rapid early subsidence created coarse, non-marine, alluvial and fluvial sediments during the Jurassic 
and Cretaceous rifting phases. Continued rifting and associated subsidence eventually led to 
inundation of the basin by the sea. Later stages are characterized by a marine transgression and 
progressively finer-grained and deeper-water marine sediments, as the subsidence exceed the 
sediments supply. The basin contains rift to post-rift mega-sequences with duration of 3 Ma for 
Jurassic and ~2.5 Ma for Cretaceous rifting phases, with Syn-rift tectonic subsidence and 
exponentially decreasing post-rift tectonic subsidence due to thermal relaxation. 
4.5.2 Thermal history 
The second aspect of the basin model is the temperature. The subsurface temperature was specified 
for every layer throughout the geologic past. The thermal history of rocks in a basin is determined by 
the boundary conditions of surface temperature and the basement heat flow. The temperature at 
points in between is controlled by the thermal conductivities of the sediments. The boundary 
conditions of surface temperature and basement heat flow vary through time during the evolution of a 
sedimentary basin. There has been progressive decay of the thermal pulse associated with continental 
rifting, especially over the past 100 Mabp (Figures 4.7-4.12).  
During the burial of the sediments, their thermal conductivities have altered as the rock compacted. 
The boundary conditions have also changed.  Because the Abu Gharadig basin was created by 
stretching and thinning of the continental lithosphere, both tectonic and thermally induced forces 
acted in concert. The subsidence creates space for early syn-rift sediments to be deposited. Because 
the lithosphere thinned and the base of the lithosphere, the 1330°C isotherm, has been elevated, the 
heat flow through the crust and mantle were higher than they were prior to stretching. A high heat 
flow peak has been assumed in the model provide the high temperatures evidenced by the vitrinite 
reflectance data in the Cretaceous. During the Jurassic rifting phase which reached a maximum value 
of 75 mW/m2, whereas that for the Cretaceous Rifting phase is set at 70 mW/m2.  
The response when the stretching stopped was a reduction in the heat flow as the lithosphere cooled 
and returned eventually to its original thickness. Stretching of the continental lithosphere produced a 
rapid subsidence followed by an exponentially decreasing post-rift subsidence due to thermal 
relaxation. Subsidence in sedimentary basins causes thermal maturation in the progressively buried 
sedimentary layers. The cooling includes contraction and further subsidence creates more space for 
the post-rift sediment to be deposited. The Jurassic rifting phase has a background heat flow values 
of 55 mW/m2, where Cretaceous rifting cooled down to average 52-53 mW/m2 (Figure 4.13). 
4.5.2.1 Basement 
The main heat flow decline results from the decay of a sub-lithosphere transient thermal perturbation 
associated with tectongenesis of granite. The age of the granite is ~615 Mabp (i.e. only 40 Ma prior to 
onset of sedimentation) with a modeled basal heat flow of 60 mW/m2. Thus, the majority of the 
cooling proposed in the model took place prior to the sedimentation of the Paleozoic sediments. 
Therefore, most subsidence resulting form this cooling took place early, which explains the regular 
subsidence of the Paleozoic sediments, over granite (Figure 4.13). 
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Figure  4.13: The thermal boundary conditions for all wells including the sediment-water interface 
temperature at the top of the model and the paleo-heat flow at the bottom must be established to 
determine the interior temperature field. The tentative paleowater depth is based on palynological and 
foraminiferal analysis of ditch samples for the Cretaceous age [Abd El Kireem et al. 1996]. Sediment–
water interface temperature depends on water depth and paleolatitude, synthesized after [Wygrala 1989]. 
The basal heat flow values were specified for each geologic event using the known plate tectonic 
framework and crustal evolution models [Allen and Allen 1990]. Legend: JR, Jurassic rifting phase (Early 
Kimmerian); CR, Cretaceous rifting phase (Late Kimmerian); LH, Laramide Hiatus (Syrian Arc System); 
PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the era boundaries from left to 
right: Paleozoic; Mesozoic; and Cenozoic. 
 
4.5.2.2 Present heat flow 
The present heat flow ranges from 45-48.5 mW/m2, with the higher values occurring in BED 3-10 
well. Areas of present heat flow maxima are generally coincident with distribution of basement relief 
and/or high conductivity basement. Heat flow ranges from 45 to 48.5 mW/m2, with higher values 
occurring at BED 2-1 with thin basin-fill sediment, whereas the lower values modeled for the BED 3-3 
well are associated with thick basin-fill sediment. The higher heat flow is explained by uplift followed 
by erosion, which provides an additional 4-6 mW/m2 above background of 48-55 mW/m2. Heat is 
refracted away from regions of thick sediment cover and preferentially channeled through areas of 
elevated basement. An additional 15 mW/m2 may be produced by conductivity contrasts in basement. 
The paleo-heat flow values are shown in (Tables 4.5 to 4.7 and Figure 4.13) which results in a valid 
paleo-temperature model. High sedimentation rate can also affect the temperature field due to the 
low heat conductivity of highly porous sediments. 
4.5.2.3 Uplift 
Erosion results in an upward movement of rocks in relation to a reference point on the surface. 
Therefore, erosion increases the observed heat flow. Surface heat flow increases by an amount 
dependent upon the elapsed time and rate of erosion. Uplift events cause unconformities that cut 
down variably into the rocks. The paleo-temperature profile suggests that heating in the Abu Gharadig 
Basin was caused primarily by burial rather than by local magmatic or fluid flow effects.  
4.5.2.4 Late Eocene inversion 
Inversion was modeled with an “instantaneous emplacement” approach: the duration of the inversion 
process is “brief” (~39.6-37 Ma) and a sawtooth-shaped temperature profile is created (i.e. an 
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extreme temperature inversion). The thrusting is rapid compared to the rate of thermal equilibration 
and affects organic maturation by causing important perturbations in subsurface temperatures. Paleo 
temperature profiles were high at different periods during the geologic time of the area, with different 
cooling intervals, that may have been caused by heat flow decline. The thermal and burial histories 
were calibrated by comparing measured and calculated temperature sensitive parameters, e.g. 
vitrinite reflectance (Figure 4.6). Vitrinite reflectance is a measure of the thermal maturity of organic 
matter in sediments. The kinetic Easy%Ro approach [Sweeney and Burnham 1990] was used to 
simulate vitrinite reflectance. Present-day bottom hole temperatures were used to calibrate the 
simulated present-day temperature field. To reach an agreement between measured and calculated 
vitrinite reflectance data, it was necessary to vary the basal heat flow. The final scenario is based on 
the assumption that heat flow during the Mesozoic increased, related to continuing dilatation 
movement and crustal thing until the Tertiary. High paleo-heat flow values of 75 mW/m2 at the initial 
time of the basin evolution (Jurassic rifting-phase) decreased to 55 mW/m2 prior to the Cretaceous 
rifting phase. 
4.6 1D NUMERICAL MODELLING: SENSITIVITY ANALYSIS 
The uncertainties and significance of the two main parameters affecting maturity, heat flow and burial 
depth, are discussed. For the studied wells calibration data (vitrinite reflectance and corrected bottom 
hole temperature) are available. Thus, the influence of changing input parameters (heat flow, 
thickness of eroded sediments) can be estimated. Maturity data reflect the thermal history of 
sedimentary rocks which in turn depends on depth of burial, basal heat flow, radioactive heat 
production, the sediment/ water interface temperature as well as on physical rock properties, in 
particular heat conductivity and heat capacity. The burial and temperature histories were calibrated by 
comparing calculated and measured vitrinite reflectance and temperature data. Burial and heat flow 
histories were calculated based on the conceptual model described above, calibrated for times of 
maximum temperatures/maximum burial with vitrinite reflectance and corrected temperature data.  
For the Jurassic and Cretaceous rifting phases heat flow values of 95 mW/m2 and 90 mW/m2, 
decreasing exponentially with time, respectively, were assumed and comparison between the 
calculated and measured maturity data has been done (Figure 4.14). An increase of these heat flow 
values to 115 mW/m2 and 100 mW/m2, decreasing exponentially with time, was assumed for a second 
scenario for both rifting phases, respectively (Figure 4.15).  
There is no shift of the calculated vitrinite reflectance values compared to the original scenario. These 
heat flow modifications do not change the shape of the temperature and maturity curves. It should be 
noted that the maximum heat flows reached during both rifting phases did not affect the present-day 
maturity, because sediments were deposited as Cretaceous post-rifting basin fill at shallow depth and 
younger in age. In contrast, there is no clear evidence for heat flow values during the syn-rift and 
early post-rift stage, i.e. for both Jurassic and Cretaceous rifting phases. However, heat flows much 
higher than those applied do not seem to be probable, since there is no evidence of intense magmatic 
activity in the study area. 
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Figure  4.14: Plot of paleotemperature calibrated with measured corrected static bottom hole temperature 
and the measured vitrinite reflectance data in a reference wells (BED 3-3 and SIT1-1) against depth. The 
calculation of vitrinite reflectance from temperature histories was carried out using the EASY%Ro 
algorithm of [Sweeney and Burnham 1990] which allows the calculation of vitrinite reflectance values 
between 0.3 and 4.5% VRr. The cross-plot of observed and computed reflectance shows a good fit with 
the assumed heat flow values of 95 and 90 mW/m2 for the Jurassic and Cretaceous rifting phases, 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  4.15: Plot of paleotemperature calibrated with measured corrected static bottom hole temperature 
and the measured vitrinite reflectance data in a reference wells (BED 3-3, and SIT1-1) against depth. The 
calculation of vitrinite reflectance from temperature histories was carried out using the EASY%Ro 
algorithm of [Sweeney and Burnham 1990] which allows the calculation of vitrinite reflectance values 
between 0.3 and 4.5% VRr. The cross-plot of observed and computed reflectance shows a good fit with 
the assumed heat flow values of 115 and 100 mW/m2 for the Jurassic and Cretaceous rifting phases, 
respectively. 
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The greatest uncertainty with respect to the above predictions is related to the extent of the Eocene 
inversion phase. Higher numbers than those used in this study would lead largely to early petroleum 
generation from the mature source rock intervals. A change in heat flow values for the Eocene 
inversion phase by more than 5 mW/m2 leads to significant differences between measured and 
calculated vitrinite reflectance data.  
4.7 CONCLUSIONS 
Integrated 1D basin modeling was applied to evaluate the thermal history of the sedimentary 
sequence in the Abu Gharadig Basin. In all 1D models, the present-day heat flow is in accordance with 
temperature data and corrected bottom hole temperatures from wells. Best accordance between 
measured and calculated present-day temperatures was achieved with present-day heat flows in the 
range of 43-49 mW/m2 (see Tables 4.5-4.7). Lowest present-day heat flow values were modeled for 
well BED 3-3 (due to rapid sedimentation or deep-seated basement) (see Figure 4.2 for location) and 
highest values for well BED 2-1 (the basement is at shallower depth). The results of the 1D 
simulations show the differences in burial, thermal and maturity history. The following thermal regime 
for Abu Gharadig basin is proposed based on combined measured vitrinite reflectance (VRr%) and 
present-day corrected static bottom hole temperatures. 1) paleo-heat flow was highest at ~209-203 
Mabp (the Jurassic rifting phase), with cooling prior to ~121 Mabp. Cooling was caused by heat flow 
decline. 2) paleo-heat flow increased during the Cretaceous rifting phase. This thermal scheme has 
been implemented in the 1D model, applying higher heat flows from ~121 to 119 Mabp. 3) There was 
a decline in geothermal gradient due to rapid sediment accumulation (as indicated during the 
deposition of the Khoman Formation) resulting in subsurface temperature that was anomalously low. 
4) paleo-heat flow increased during the Late Eocene inversion phase from ~39-37 Mabp, declining to 
background in the Neogene. 
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5. THERMAL MATURITY, HYDROCARBON GENERATION AND PHASE PREDICTION 
OF LATE CRETACEOUS ABU ROASH-F MEMBER: INSIGHTS FROM 1D 
COMPUTER AIDED BASIN MODELING STUDY, ABU GHARADIG BASIN, EGYPT 
Keywords: Abu Gharadig Basin – Abu Roash “F” member - Basin Modeling. 
5.1 ABSTRACT 
The occurrence of hydrocarbons is closely linked to the tectono-stratigraphic history of the Abu 
Gharadig Basin, which has created multiple reservoir and seal combinations. The “F” member of the 
Late Cretaceous Abu Roash Formation has the highest organic carbon content and the capacity to 
generate petroleum liquids and possibly gas by secondary cracking. Detailed well log interpretation 
was performed for the reservoirs and organic-rich source rock intervals and integrated into a 
conceptual model used for 1D basin modeling. The simulations for four wells in the study area show 
differences in burial, thermal history and maturity and, in consequence, differences in petroleum 
generation and expulsion with time. The Abu Roash “F” member generated oil around the Early 
Paleocene (~61.69 Mabp) in BED concession and recently during the Oligocene in SIT concession. The 
major expulsion of petroleum liquids occurred during Late Eocene and contrasts with only minor 
expulsion in the Late Miocene. 
5.2 INTRODUCTION 
The Abu Gharadig Basin is a Late Mesozoic, approximately E-W trending, asymmetric, intra-cratonic 
basin (Figure 5.1). It is a rift basin bounded in the north and south by two right-lateral shears and in 
the east and west by northwest trending normal faults [Meshref 1990]. The study area is located 
between latitudes, 29° 37’ 54” & 30° 03’ 54” N, and longitudes 27° 38’ 48“ & 28° 04’ 42” E (Figure 
5.2). It was actively subsiding since the Paleozoic. The basin downwarp was initiated since 
Carboniferous time and continued throughout the Jurassic and Cretaceous. It was formed during the 
Albian, reached maximum subsidence in the Late Cretaceous (Maastrichtian) and was subsequently 
inverted during the Paleocene-Eocene [Lüning et al. 2004]. The structural pattern of Abu Gharadig 
Basin is dominated by NE-SW oriented faults coupled with a strong pattern of NW–SE conjugate 
faults. These fault patterns suggest regional wrench faulting related to structural movement [Abd El 
Aal 1988]. The most predominant faults were initiated as simple tensional normal faults, trending 
mainly E-W, ENE and WNW wards, of Late Jurassic–Early Cretaceous age but then developed a strong 
right lateral component. The major folds owe their origin to compressional movements, which affected 
the area during the Late Cretaceous-Early Tertiary tectonic events. These folds are aligned in a 
general NE–SW trend (Syrian Arc System) and plunge down to the southwest [Kostandi 1963].  
Petroleum System Modeling provides a complete record of the generation, migration, accumulation 
and loss of oil and gas in a petroleum system through geologic time. The model is designed to 
improve the match between predictions and observations for integrating the tectonic history of Abu 
Gharadig Basin with a petroleum characterization model to evaluate the petroleum system and 
hydrocarbon potentialities. Moreover, the processes of oil and gas generation, expulsion, and 
migration is quantified and investigated. 
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Figure  5.1: 2-Dimensional index map showing the location of the study area (marked by the square), the 
spatial distribution of the main east-west sedimentary basin and major tectonics in the North Western 
Desert, Egypt (modified after [Bayoumi 1996]). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  5.2: Enlarged location map of the study area and spatial distribution of the available wells; 2D time 
domain seismic lines (10 lines) and traces (4 traces). This dataset belongs to BADR EL-DIN Petroleum 
Company “Bapetco” concessions (Badr El-Din “BED” 7 wells and Sitra “SIT” 4 wells). The deepest 
penetrated sequence is Shaltut Formation with depth ranging from 3701 m bmsl at BED 2-1 well to 4017 m 
bmsl at SIT 1-1 well. A total well count of 14 includes 5 gas producers; 2 dry wells; and 7 oil producers. 
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5.3 GEOLOGIC FRAMEWORK 
The litho-stratigraphic column of Abu Gharadig basin comprises rock units ranging from Cambrian to 
Recent (Figure 5.3) with the oldest sediments resting non-conformably on the basement rocks [El 
Ayouty 1990]. Paleozoic sediments range in age from early Cambrian to late Permian, overlying non-
conformably pre-Cambrian basement and overlain un-conformably by the Jurassic or younger 
sediments [Fawzy and Dahi 1992]. Sandstones and siltstones dominate them with an abundance of 
limestones and shales in the upper part of the section.  
The Jurassic section is divided lithologically into four formations: Baharein (fine-coarse quartzose 
sandstones with minor shale, siltstone and anhydrites interbeds) at the base, overlain by Wadi El-
Natrun shallow marine carbonate-shale sequences or lagoonal deposits with alternations of dense 
limestone, green shales and anhydrite. Above continental clastics of the Khatatba thick shallow marine 
carbonaceous shale sequence, with interbedded porous sandstones, coals seams and limestone 
streaks are overlain by the Masajid Formation platform carbonates including, reefal and dolomitic 
limestones, with minor shale interbeds and cherty intervals at the top [Fawzy and Dahi 1992].  
The entire Early Cretaceous consists of thick regressive marginal marine to continental clastics 
(Neocomian through Albian) that are divided into Betty Member and Alam El-Bueib “Shaltut” 
Formation. Red, kaolinitic sandstones with calcareous shale intercalations and coals occur at the base 
and grade to Kharita Formation massive quartzose sandstones, with rapidly alternating sequences of 
shale, siltstone and sandstone above.  
These sediments are overlain by the Dahab Shale Formation (greenish grey, pyritic shale with 
siltstone, sandstone and limestone interbeds) and Alamein Formation (hard microcrystalline dolomite 
with vuggy porosity and fractured porosity and with some shale interbeds). An unconformity is 
present between the Early and Late Cretaceous [Philip et al. 1980; Fawzy and Dahi 1992]. The Late 
Cenomanian and Turonian deposits consist of shallow marine coarse clastics at the base (Bahariya 
Formation) to fine clastics at the top (Abu Roash Formation) [Soliman and El Badry 1980; 
Schlumberger 1984].  
Abu Roash Formation conformably overlies Bahariya Formation and unconformably underlies Khoman 
Formation. It represents rapid alternations of transgressive and regressive cycles with environments 
ranging from anoxic marine conditions to epi-continental. It is subdivided  into seven lithostratigraphic 
members, distinguished from top to base as "A", "B", "C", "D", "E","F" and "G" members, which cover 
the Upper Cenomanian to Coniacian time interval [Aadland and Hassan 1972; Schlumberger 1984]. 
Periods of marine inundation and transgression are marked by the limestone and shale sequences of 
Abu Roash “A”, "B", "D" and "F" members, while regressive phases are represented by the clastic 
deposition characteristic of Abu Roash members "C", "E" and "G".  
The latest Cretaceous was a time of clastic starvation which led to the deposition of the thick marine 
Khoman chalk section [Fawzy and Dahi 1992]. The top and base of Khoman Formation are marked by 
two regional unconformities [Hume 1911; Shukri 1954; Amin 1961; Said 1962]. 
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Figure  5.3: A generalized chrono-stratigraphic column and tectonic correlation chart of Abu Gharadig 
Basin, north Western Desert, Egypt. The facies succession, ages, distribution of potential source and 
reservoirs rocks are also represented, modified after [Schlumberger 1984; Schlumberger 1995; Guiraud 
and Bosworth 1999; Guiraud et al. 1999]. The tentative paleowater depth is based on palynological and 
foraminiferal analysis of ditch samples for the Cretaceous age [Abd El Kireem et al. 1996]. The average 
recorded thickness values are inferred from literature. The Geologic age scale is according to [Harland et 
al. 1990]. The color code is selected according to the United States Geological Survey (USGS). 
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The Cenozoic sediments are divided into two cycles: the Paleocene-Middle Eocene (Apollonia 
Formation) represents open marine conditions with hard dense carbonates and some shaly zones 
(Figure 5.3) and the Late Eocene to Miocene (Dabaa Formation at the base and Moghra Formation at 
the top) [Abd El Aal 1988] consists of argillaceous carbonaceous shales with glauconitic, sandy 
limestone interbeds representing a shallow marine environment. It overlies unconformably the 
Apollonia Formation and is overlain conformably by shallow marine light-colored sandstones of the 
Moghra Formation [Fawzy and Dahi 1992]. 
5.4 BASIN MODELING PROCEDURE 
Basin modeling comprises numerical simulation of the geologic history through time (burial history). 
The thermal history of a basin is related to the geologic and depositional history and, associated with 
it, the timing (and volume) of hydrocarbon generation as well as migration and accumulation [Ungerer 
et al. 1990]. The interaction of all geological processes requires a continuous recalculation of all 
dependent parameters during a simulation run. The basin model depends on a well-defined geologic 
time framework conceptual model (Tables 5.1 and 5.5).   
The backbone of basin modeling is the reconstruction of paleo-temperature and its spatial variation in 
the basin. Temperature is calculated from basal heat flow values specified for each geologic event, 
thermal conductivity (Table 5.2) and surface temperature [Yükler et al. 1978]. The thermal boundary 
conditions are the sediment-water interface temperature at the top of the model and the paleo heat 
flow at the bottom (Table 5.3). For paleo heat flow values the most reasonable initial approach 
consists in using the known plate tectonic framework and analogies of the basin to be modeled and 
crustal evolution models (see [Allen and Allen 1990]). The calculation of vitrinite reflectance from 
temperature histories was carried out using the EASY%Ro algorithm of [Sweeney and Burnham 1990] 
that allows the calculation of vitrinite reflectance values between 0.3 and 4.5 % VRr and allows a 
better calibration of thermal histories than earlier approaches. Therefore, it is widely applied in 
numerical basin simulations (e.g., [Littke et al. 1994]). 
The petroleum system is defined by applying specific properties to the geological layers (Table 5.1). 
For the source rock sequences, the content of organic matter (TOC) and quality Hydrogen Index (HI) 
has to be defined together with reaction kinetic parameters for the thermal primary cracking to light 
and heavier petroleum components. Once the paleotemperatures are well modeled and calibrated, 
equations for chemical kinetics can be used to evaluate petroleum generation. From laboratory 
pyrolysis, experiments at different heating rates, activation energies and a pre-exponential factor are 
calculated and used for the temperature history of the relevant sediments. This approach assumes the 
conversion of kerogen to oil and gas to be irreversible reactions, which can be defined by a set of 
parallel pseudo-reactions. For a more detailed description of basin modelling, its concept and 
limitations see [Yalcin et al. 1997]. The respective kinetic values used for hydrocarbon generation are 
those of [Pepper and Corvi 1995 a]. The available geochemical data include vitrinite reflectance 
(Ro%) and Rock-Eval Tmax, as well as the total organic carbon (TOC), Rock-Eval S1 (free low-
molecular-weight hydrocarbons), S2 (hydrocarbons generated by thermal cracking of kerogen, 
generation potential), S3, Hydrogen Index, Oxygen Index (Table 5.4).  
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Table  5.1: Chronostratigraphic conceptual model of the basin fill in terms of geologic processes operating 
at a specific time for BED 3-3 well. 
Name Top Base Thickness 
Deposition 
Age 
Erosion Age Lithology 
   Present Eroded from To From To  
 meter meter meter meter Ma Ma Ma Ma  
Surface     11   0 0 0 0   
N.D 11 11 0   1.64 0.1     Sandstone (clay rich) 
Kurkar 11 11 0   3.4 2.3 2.3 1.64 Sandstone (clay rich) 
Marmarica 11 11 0   16.3 7.7 6.7 3.4 Limestone (shaly) 
Moghra 11 669.5 658.5 100 26.3 18 17 16.3 Sandstone (clay rich) 
Dabaa 669.5 1146.75 477.25   37 26.3     Shale (organic lean, silty) 
AP-A 1146.75 1272.51 125.76 80 40.94 39.6 38.6 37 Limestone (shaly) 
AP-B 1272.51 1293.2 20.69   41.66 40.94     Shale (organic lean, typical) 
AP-C 1293.2 1532.93 239.73   50 41.66     Limestone (ooid grainstone) 
AP-D 1532.93 1704.78 171.85   56.5 50     Limestone (ooid grainstone) 
Esna 1704.78 1704.78 0 160 65 59 57 56.6 Shale (organic lean, typical) 
KH-A 1704.78 2427.96 723.18 150 81.46 69.1 67.1 65 Limestone (Chalk, 95% calcite) 
KH-B-O1 2427.96 2614.01 186.05   84.64 81.46     Shale (organic lean, sandy) 
AR-A-O 2614.01 2869.13 255.12 60 89.9 86 85 84.64 Limestone (shaly) 
AR-B-C 2869.13 3026.68 157.55   91.62 89.9     Limestone (ooid grainstone) 
AR-C-O 3026.68 3124.35 97.67   92.67 91.62     Shale (organic lean, sandy) 
AR-D-O 3124.35 3181.14 56.79   93.28 92.67     Limestone (shaly) 
AR-E 3181.14 3181.14 0   93.28 93.28     Shale (organic lean, typical) 
AR-F-S1 3181.14 3201.93 20.79   93.5 93.28     Limestone (organic rich-1-2% TOC) 
AR-G-O 3201.93 3323.89 121.96 70 95.95 95 94.5 93.5 Shale (organic lean, sandy) 
AR-G-S2 3323.89 3343.39 19.5   96.1 95.95     Shale (organic rich, typical) 
AR-G-O 3343.39 3354.98 11.59   96.2 96.1     Shale (organic lean, typical) 
BAH-O 3354.98 3524.83 169.85   97.97 96.2     Shale (organic lean, silty) 
BAH-S3 3524.83 3538.53 13.7   98.11 97.97     Shale (organic rich, 3% TOC) 
BAH-O 3538.53 3614.41 75.88   98.9 98.11     Siltstone (organic lean) 
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Table 5.1: (Cont.). 
Name Top Base Thickness 
Deposition 
Age 
Erosion Age Lithology 
   Present Eroded from To From To  
 meter meter meter meter Ma Ma Ma Ma  
KHT-O 3614.41 3672.49 58.08 100 102.28 100.5 99.5 98.9 Sandstone (clay rich) 
KHT-C 3672.49 3699.18 26.69   103.1 102.28     Shale (organic lean, typical) 
KHT-R 3699.18 3720.07 20.89   103.74 103.1     Sandstone (clay poor) 
KHT-O 3720.07 3996.53 276.46   112.2 103.74     Shale (organic lean, silty) 
DAH 3996.53 4021.53 25   115.16 112.2     Shale (organic lean, silty) 
AL 4021.53 4096.53 75   119.54 115.16     Limestone (ooid grainstone) 
SH 4096.53 4596.53 500 100 124 121 120 119.54 Sandstone (clay rich) 
Betty 4596.53 4946.53 350   141.8 124     Sandstone (typical) 
Masajid 4946.53 5196.53 250 150 160.39 148.36 146.36 141.8 Limestone (ooid grainstone) 
Masajid 5196.53 5396.53 200   164.4 160.39     Limestone (ooid grainstone) 
Khatatba 5396.53 5846.53 450   172.84 164.4     Shale (organic lean, sandy) 
W. Natrun 5846.53 5996.53 150   180.1 172.84     Shale (organic lean, silty) 
Bahrein 5996.53 6196.53 200   203.8 180.1     Sandstone (typical) 
Eghei 6196.53 6196.53 0 400 228.9 212 207 205.4 Shale (organic lean, typical) 
Eghei 6196.53 6196.53 0 400 245.8 228.9 205.4 203.8 Sandstone (typical) 
Safi 6196.53 6496.53 300 90 290 255 250 245.8 Limestone (shaly) 
Safi 6496.53 6846.53 350 100 332.8 292 291 290 Sandstone (clay rich) 
Dhiffah 6846.53 6946.53 100 60 339.54 334.8 333.8 332.8 Sandstone (typical) 
Disouqy 6946.53 7096.53 150   358.17 339.54     Sandstone (clay rich) 
Zeitoun 7096.53 7496.53 400 220 384.4 366.4 361.4 358.17 Shale (organic lean, sandy) 
Zeitoun 7496.53 7996.53 500   402.4 384.4     Sandstone (typical) 
Basur 7996.53 8056.53 60 60 426.14 415.7 410.7 402.4 Sandstone (clay rich) 
Kohla 8056.53 8206.53 150   439 426.14     Sandstone (clay poor) 
Shifah 8206.53 8456.53 250 120 510 441 440 439 Sandstone (clay rich) 
Shifah 8456.53 8756.53 300 100 560 512 511 510 Sandstone (typical) 
Granite 8756.53 9756.53 1000   675 600     Granite (500 Ma old) 
  9756.53                 
1Source rock interval with 2.5 wt% TOC, HI is678 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIIS(A)). 
2Source rock interval with 0.98wt% TOC, HI is 472 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIIIH(DE)). 
3Source rock interval with 2.17 wt% TOC, HI is 241 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIIIH(DE)).    
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Table  5.2: Summary of some established characteristic parameters of lithostratigraphic unit in Abu 
Gharadig basin used for modeling. 
Lithology Radiogenic Heat 
Mechanical 
Compaction 
Thermal 
Conductivity 
Heat 
Capacity 
Name U Th K40 Density IP MP 20°C 100°C 20°C 100°C 
 ppm ppm % Kg m-3 Untiless W m-1  K-1 Kcal kg-1  K-1 
Sandstone (typical)* 1.3 3.5 1.3 2720 0.41 0.01 3.95 3.38 0.204 0.236 
Sandstone (clay rich)* 1.5 5.1 3.6 2760 0.4 0.01 3.35 2.95 0.206 0.238 
Sandstone (clay poor)* 0.7 2.3 0.6 2700 0.42 0.01 5.95 4.85 0.196 0.226 
Sandstone (quartzite, typical)* 0.6 1.8 0.9 2640 0.42 0.01 6.15 5 0.213 0.246 
Sandstone (subarkose, dolomite rich)* 0.9 2.7 0.9 2710 0.4 0.01 4.1 3.49 0.201 0.232 
Sandstone (arkose, clay poor)* 2 7 1 2710 0.39 0.01 4 3.42 0.2 0.231 
Shale (typical)* 3.7 12 2.7 2700 0.7 0.01 1.64 1.69 0.206 0.238 
Shale (organic lean, typical)* 3.7 12 2.7 2700 0.7 0.01 1.7 1.74 0.206 0.238 
Shale (organic lean, sandy)* 2.8 11 2.5 2700 0.65 0.01 1.84 1.84 0.206 0.238 
Shale (organic lean, silty)* 3 11 2.6 2700 0.67 0.01 1.77 1.79 0.206 0.238 
Shale (organic lean, siliceous, typical)* 2 4.5 2 2710 0.7 0.01 1.9 1.88 0.206 0.238 
Shale (black) 19 11 2.5 2500 0.7 0.01 0.9 1.15 0.225 0.26 
Shale (organic rich, typical)* 5 12 2.8 2600 0.7 0.01 1.25 1.41 0.215 0.248 
Shale (organic rich, 3% TOC)* 5 12 2.8 2610 0.7 0.01 1.45 1.55 0.21 0.243 
Shale (organic rich, 8% TOC)* 10 11 2.9 2500 0.7 0.01 1.2 1.37 0.215 0.248 
Siltstone (organic lean)* 2 5 1 2720 0.55 0.01 2.05 1.99 0.217 0.251 
Siltstone (organic rich, typical) 2 5 1 2710 0.55 0.01 2.01 1.96 0.225 0.26 
Conglomerate (typical) 1.5 4 2 2700 0.3 0.01 2.3 2.18 0.196 0.226 
Anhydrite* 0.1 0.3 0.4 2970 0.01 0.01 6.3 5.11 0.179 0.207 
Chert 1 1 0.7 2650 0.45 0.01 4.8 4.01 0.213 0.246 
Gypsum 0.08 0.2 0.3 2320 0.01 0.01 1.5 1.59 0.263 0.304 
Halite 0.02 0.01 0.1 2200 0.01 0.01 6.5 5.25 0.206 0.238 
Chalk (typical) 1.9 1.4 0.25 2680 0.7 0.01 2.9 2.62 0.203 0.234 
Coal (pure) 1.5 3 0.55 1600 0.76 0.01 0.3 0.71 0.311 0.359 
Kerogen 100 0 0 1100 0.76 0.01 1 1.22 0.002 0.002 
Limestone (ooid grainstone)* 1 1 0.2 2740 0.35 0.01 3 2.69 0.2 0.231 
Limestone (shaly)* 2 4 1 2730 0.48 0.01 2.3 2.18 0.203 0.234 
Limestone (organic rich - typical) 5 1.5 0.26 2680 0.51 0.01 2 1.96 0.202 0.233 
Limestone (organic rich - 1-2% TOC)* 2.5 1.7 0.27 2710 0.51 0.01 2.63 2.42 0.201 0.232 
Limestone (Chalk, 95% calcite)* 1.9 1.4 0.25 2680 0.7 0.01 2.9 2.62 0.198 0.229 
Limestone (Chalk, 75% calcite)* 1.9 1.4 0.25 2680 0.67 0.01 2.65 2.43 0.201 0.232 
Marl 2.5 5 2 2700 0.5 0.01 2 1.96 0.203 0.234 
Dolomite (typical)* 0.8 0.6 0.4 2790 0.35 0.01 4.2 3.57 0.206 0.238 
Basalt (normal) 0.9 2.7 0.8 2870 0.01 0.01 1.8 1.81 0.191 0.221 
Gabbro 0.25 0.8 0.5 2870 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (150 Ma old) 6.5 17 5.7 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (500 Ma old)* 4.5 15 4.5 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (> 1000 Ma old) 4 13.5 3.5 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granodiorite 2.3 9.3 2.8 2720 0.03 0.03 2.6 2.4 0.174 0.201 
Gneiss 2.1 9.7 2.2 2740 0.01 0.01 2.9 2.62 0.22 0.254 
*Actual used lithologies for the used model. IP: Initial Porosity. MP: Minimum Porosity. 
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Table  5.3: The thermal boundary conditions for BED 3-3 well including the sediment-water interface 
temperature at the top of the model and the paleo-heat flow at the bottom must be established to 
determine the interior temperature field. The tentative paleowater depth is based on palynological and 
foraminiferal analysis of ditch samples for the Cretaceous age [Abd El Kireem et al. 1996]. Sediment–
water interface temperature depends on water depth and paleolatitude is synthesized after [Wygrala 
1989]. The basal heat flow values specified for each geologic events using the known plate tectonic 
framework and crustal evolution models [Allen and Allen 1990]. 
Age WD Age WD Age SWIT Age SWIT Age HF 
Ma meter Ma meter Ma Celsius Ma Celsius Ma mWm-2 
0 30 98.9 30 0 19.24 98.9 29 0 43 
2.3 30 100.5 33 2.3 19.48 100.5 29 19.11 45.37 
3.4 50 101.94 33 3.4 19.69 101.94 29 29.45 47.89 
7.7 70 102.28 36 7.7 18.97 102.28 29 33.36 51.12 
16.3 60 103.1 36 16.3 19.94 103.1 29 35.6 55.25 
18 50 103.74 38 18 21.3 103.74 29 36.99 60 
26.3 60 107.95 40 26.3 21.32 107.95 29 39.6 60 
36.19 80 108.19 45 36.19 22.73 108.19 29 39.6 52 
37 90 112.2 50 37 22.86 112.2 29 66.59 52.66 
39.6 100 115.16 50 39.6 23 115.16 29 92.54 53.64 
40.94 120 119.54 100 40.94 22 119.54 28 106.89 57.05 
41.66 200 121 80 41.66 22.14 121 28 114.26 61.9 
50 200 124 50 50 23.21 124 29 119.54 70 
56.5 200 141.8 30 56.5 23.63 141.8 28.77 121 70 
59 120 146.29 126.8 59 23.67 146.29 26.29 121 55 
65 100 148.36 200 65 25.03 148.36 25.84 146.62 55.53 
69.1 660 160.39 250 69.1 14.72 160.39 22.78 166.07 55.97 
81.46 450 164.4 60 81.46 19.17 164.4 24.41 183.78 58.13 
84.54 300 172.84 80 84.54 23.99 172.84 23.49 194.41 61.54 
84.64 200 180.1 100 84.64 27 180.1 23 200.37 68.01 
88.12 151.94 203.8 30 88.12 27 203.8 24.4 203.8 75 
86 100 212 30 86 28 212 25.74 209 75 
87.43 112 245.8 50 87.43 27 245.8 25.7 209 60 
87.51 120 290 40 87.51 27 290 23.22 675 60 
88.14 111 292 35 88.14 27 292 23.5     
89.9 100 332.8 30 89.9 28 332.8 24     
91.62 150 334.8 100 91.62 27 334.8 23     
92.37 12 339.54 80 92.37 29 339.54 23     
92.4 50 358.17 50 92.4 29 358.17 24     
92.67 60 366.4 100 92.67 28 366.4 23     
93.28 70 384.4 80 93.28 28 384.4 23     
93.5 100 402.4 70 93.5 28 402.4 23     
95 90 415.7 80 95 28 415.7 23     
95.95 80 426.14 100 95.95 28 426.14 23     
96.1 60 441 60 96.1 28 441 23     
97.26 40 510 50 97.26 29 510 24     
97.32 35 512 40 97.32 29 512 24     
97.97 35 600 30 97.97 29 600 24     
98.11 32 675 0 98.11 29 675 25     
SWIT: Sediment-water interface temperature 
HF: Heat flow    
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Table  5.4: Source rock intervals and properties used for modeling of hydrocarbon generation in the Abu 
Gharadig Basin.  
Well TVDSS Kerogen S1 S2 S3 TOC Easy%Ro HI OI Tmax h Lithology 
Zone 
Name 
B3 3191 I-II 0.87 16.96 1.77 2.5 0.67 678 71 426 20.8 LIMESTONE AR-F-S1 
B17 2800 I-II 0.75 15.84 1.05 2.67 0.62 593 39 428 35.4 LIMESTONE AR-F-S1 
S1 2615 I-II 0.87 16.96 1.77 2.5 0.59 678 71 426 18.3 LIMESTONE AR-F-S2 
S4 2456 I-II 0.87 16.96 1.77 2.5 0.56 678 71 426 21.8 LIMESTONE AR-F-S2 
TVDSS: True vertical depth sub-sea level; S1:mg/g; S2:mg/g; S3:mg/g; TOC: Total organic carbon (wt%); EASY%Ro: 
Calculated vitrinite reflectance after [Sweeney and Burnham 1990] (%); HI: Hydrogen Index (mgHC/gTOC); OI: Oxygen Index 
(mgCO2/gTOC); Tmax:degC; h: The true thickness (meter); AR-F-S1: Abu Roash “F” member, organic-rich interval called S1. 
 
The kinetic equations are defined for different kerogen types. For kerogen types I and II, the 
kerogen–oil reaction is the main process, while for kerogen type III, kerogen to gas reactions 
predominate. The calculated vitrinite reflectance values are compared with the measured ones to 
calibrate the thermal model. If necessary, the conceptual model is adjusted or modified to lead to a 
better match between simulation and calibration data.  
The 1D models were established using modeling software (PetroMod® V.10.0 SP2) developed by IES 
GmbH (Aachen, Germany). The Interactive-Petrophysics software of Schlumberger was used for 
borehole geophysical data processing and petrophysical evaluation of the penetrated sequence in 
each well. The available data were utilized for differentiation of the logged sequence into elements of 
the petroleum system as source rock, reservoir zone, pay zone and seal rock. Wireline logs were 
applied to deduce the vertical extent of source rock units. Evaluations of source rock intervals required 
calibration with geochemical reports and maturity data for certain wells, in order to distinguish source 
rocks from non-source rock intervals. 
5.5 RESULTS AND DISCUSSION 
5.5.1 Burial history 
The burial history of the Abu Roash “F” member (Figures 5.4-5.11) indicates the main features of 
deposition in the Abu Gharadig Basin. Abu Roash “F” member sediments were deposited during 
Turonian age (~93.5 Mabp). An initial phase of deep Cretaceous burial at relatively uniform rates was 
followed by Late Cretaceous uplift and further Tertiary deep burial. During Late Cretaceous times, 
tectonic activity increased drastically with a higher rate of displacement along the already existing 
faults, sometimes associated with lateral displacement [Macgregor 1998].  
The Cretaceous-Tertiary tectonic activity corresponds to Laramide tectonic events (~69.1-65 Mabp) 
and resulted in the elevation and folding along an east–northeast west-southwest trend (Syrian arc 
system) and in the development of faults of considerable displacement [Hantar 1990].  
The Abu Roash “F” member sediments were raised to a shallower depth (1476m at SIT 4-1 well to 
2089 m at BED 3-10 well) and subjected to a period of erosion. By the advent of Late Paleocene 
(~56.5 Mabp) active subsidence resulted in deposition of thick deep marine sediments of Apollonia 
Formation (~56.5-39.6 Mabp). The Abu Roash “F” member reached deeper burial depth of 1905m at 
SIT 4-1 well to 2463m (BED 3-10 well). By Middle-Late Eocene times a brief, strong event (~39.6-37 
Mabp) occurred, which resulted in the Eocene inversion phase. Many ~E-W striking extensional faults 
were reactivated as reverse faults in northern Egypt [El Toukhy et al. 1998].  
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Figure  5.4: The simulated burial history at BED 17-1 and BED 3-3 wells, with the hydrocarbon zone 
properties overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source 
interval of Abu Roash “F” member through geologic time scale (Ma).  
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Figure  5.5: The simulated burial history at SIT 1-1 and SIT 4-1 wells, with the hydrocarbon zone properties 
overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source interval of 
Abu Roash “F” member through geologic time scale (Ma). 
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Figure  5.6: Simulated burial history at location BED 3-3 and BED 17-1 well, with temperature overlay 
through geologic time scale (Ma). 
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Figure  5.7: Simulated burial history at location BED 3-3 and BED 17-1 well, with calculated vitrinite 
reflectance overlay through geologic time scale (Ma). 
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Figure  5.8: Simulated burial history at location SIT 1-1 and SIT 4-1 well, with temperature overlay through 
geologic time scale (Ma). 
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Figure  5.9: Simulated burial history at location SIT 1-1 and SIT 4-1 well, with calculated vitrinite reflectance 
overlay through geologic time scale (Ma). 
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Figure  5.10: Simulated burial history at locations BED 17-1 and BED 3-3 wells, with maturity overlay using 
the Easy%Ro algorithm [Sweeney and Burnham 1990] against geologic time scale (Ma).  
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Figure  5.11: Simulated burial history at locations SIT 1-1 and SIT 4-1 wells, with maturity overlay using the 
Easy%Ro algorithm [Sweeney and Burnham 1990] against geologic time scale (Ma).  
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The Abu Roash “F” member was uplifted again to shallower depth (1762m at SIT 4-1 well and 2341m 
at BED 3-10 well). During the Middle Miocene (~ 18 Mabp) Abu Roash “F” member reached burial 
depths in the range between 2646m at SIT 4-1 well to 3348m at BED 3-3 well. The maximum burial 
depth varies between a minimum of 2646m (~17 Mabp) at SIT 4-1 well, and a maximum of 3348m 
(~17 Ma) at BED 3-3 well. The present day depth of the Abu Roash “F” member ranges between 2466 
m met at SIT 4-1 well to the deepest values of 3202m at BED 3-3 well (Figure 5.12). 
5.5.2 Maturity and hydrocarbon generation 
The organic-rich interval, Abu Roash “F” member is a limestone sequence of open marine depositional 
environment with a reported thickness in the range of 15 to 35 m and TOC values ranging from 2.5 to 
2.7wt% (Table 5.4). It is characterized by early mature type II kerogen with an excellent generation 
potential for liquid hydrocarbons (oil prone type II-S kerogen or type II).  
The high Hydrogen Index of 593-678 mgHC/gTOC and low Oxygen Index 39-71 mgCO2/gTOC values 
indicate that the kerogen is made up of an oxygen-lean lipidic material and that it is immature or early 
mature. For the numerical basin modeling, intervals with present-day TOC values below 0.5wt% for 
oil-prone source rocks and 0.8wt% TOC for gas-prone source rocks were considered to have 
negligible petroleum generation potential because the kerogen in such lean rocks is often highly 
oxidized. 
The source rock in BED concession entered the oil windows close to the late Cretaceous (Maastrichtian 
~68.09 Mabp) and has been in the wet gas windows (gas onset) since ~62 Mabp (Paleocene), whilst 
in the SIT concession the source rock sequence entered the gas window later (~46 Mabp Middle 
Eocene). With increasing maturity the generation of gas from both kerogen (primary cracking) and 
already generated but unexpelled oil (secondary cracking) increases by breaking of carbon-carbon 
bonds [Dow 1977; Horsfield et al. 1991; Behar et al. 1995].  
The oil windows range between 1722m (~62 Mabp Early Paleocene) to 2671m (~65.79 Mabp 
Maastrichtian), before the maximum burial was reached, at SIT 1-1 well and BED 3-10 well, 
respectively. The gas (gas generation onset) depths range between 1777m (~46 Ma Middle Eocene) 
to 2216m (~62 Early Paleocene) at SIT 1-1 well and BED 3-10 well, respectively. The present-day 
depth of the BED, SITRA prospect is also in the range in which a single-phase fluid (Medium oil) might 
be expected (Figures 5.4, 5.5, 5.10, 5.11 and 5.12). 
The present-day vitrinite reflectance values based on the calculation of [Sweeney and Burnham 1990] 
show different vitrinite reflectance values for the source rock at different wells. The present-day 
simulated vitrinite values range between 0.65 % SIT 4-1 to 0.75% at BED 3-3 well with temperature 
range of 91°C at SIT 4-1 well to 107°C at BED 3-3 well (Figures 5.7, 5.9 and 5.13). 
Petroleum generation starts at a vitrinite reflectance of 0.54%, which is reached at different age and 
depth throughout the area (Figures 5.10 and 5.11), (~68.09 Mabp Maastrichtian) at BED 3-10 well at 
a temperature of 91°C. In SIT concession, the vitrinite reflectance value of 0.54% is encountered 
since ~36.99 Mabp (Late Eocene); at SIT 4-1 well at a temperature 88°C. The gas-onset vitrinite 
reflectance value is 0.56% at ~62 Ma (Early Paleocene) in BED 3-10 well with a temperature of 95°C, 
whereas in SIT 4-1 well it was reached at ~31 Ma (Early Oligocene) with a temperature of 95 °C 
(Figures 5.6, 5.8 and 5.13). 
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The present day transformation ratio ranges between 31.66% at SIT 4-1 well to 65.26% at BED 3-3 
well. The maximum bulk generation rate ranges between 9.96 mgHC/gTOC/My at ~26.3 Mabp (Late 
Oligocene) at SIT 4-1 well to 23.06 mgHC/gTOC/My at ~59 Mabp (Late Paleocene) at BED 3-10 well 
(Figure 5.14). The present-day bulk generation rate ranges between 0.32 mgHC/gTOC/My at SIT 4-1 
well to 0.65 mgHC/gTOC/My at BED 3-3 well. The expulsion of the hydrocarbons occurred mainly after 
the generation of the gas. The first expulsion  occurred at ~59 Mabp (Early Paleocene) at BED 3-10 
well and almost recently ~7.7 Mabp (Late Miocene) at SIT 4-1 well (Figure 5.15). 
The present day expulsion ranges from 0.11 at SIT 4-1 well to 0.49 Mtons HC at BED 3-3 well. The 
expulsion occurred at a generation rate that ranges between 0.31 mgHC/gTOC/My (~ 7.7 Mabp; Late 
Miocene) SIT 4-1 well to 0.34 mgHC/gTOC/My (~29.24 Mabp; Late Oligocene) at BED 17-1 well 
(Figure 5.15). The oil expulsion was at a composition of medium oil range between 168 mgHC/gTOC 
(~7.7 Mabp; Late Miocene) at SIT 4-1 well and 185 mgHC/gTOC (~29.24 Mabp; Late Oligocene) at 
BED 17-1 well. The gas expulsion was at a range between 21.35 mgHC/gTOC (~7.7 Ma) at SIT 4-1 
well and 23.25 mgHC/gTOC (~29.24 Ma) at BED 17-1 well (Figure 5.16).  
The present-day convertible kerogen ranges between 0.35  Mtons HC at BED 3-3 well to 0.68 Mtons 
HC at SIT 4-1 well (Figure 5.17). 
The sum of generated hydrocarbons ranges between 31.66% (3.57% gas and 28.09% at SIT 4-1 
well) and 65.25% (7.87% gas and 57.38% oil at BED3-3 well), with a minor amount at BED 17-1 well. 
The sum accumulated in the source ranges between 16.48% at BED 3-3 well and 20.48% at SIT 4-1 
well, partly adsorbed by the organic matter. 
The expelled hydrocarbon ranges 11.18% at SIT 4-1 well and 48.77% at BED 3-3 well. Not all 
expelled hydrocarbons accumulated in the reservoir but a part was lost through the migration 
pathways. The remaining potential ranges between 34.75% at BED 3-3 well and 68.34% at SIT 4-1 
well. The hydrocarbons generated by primary cracking range between 31.66% at SIT 4-1 well and 
65.25% at BED 3-3 well. The hydrocarbon composition ranges between 84.3% medium oil and 15.7% 
gas at BED 3-3 well and 88.5% medium oil and 11.5% gas at SIT 4-1 well. 
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Figure  5.12: The simulated burial history of Abu Roash “F-member”, with the hydrocarbon zone properties 
overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source interval of 
Abu Roash “F-member”, through geologic time scale (Ma). Legend: CU, Cenomanian unconformity; SU, 
Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean 
Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries from left to right: 
Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent 
 
 
 
 
 
 
 
 
 
 
Figure  5.13: The simulated vitrinite reflectance value and the associated thermal history of Abu Roash “F-
member “.  The calculated vitrinite reflectance value  carried out using the Easy%Ro algorithm [Sweeney 
and Burnham 1990] and temperature profile against geologic time scale (Ma) with zoon in form the 
Cretaceous  to Recent time. The source rock interval of (Abu Roash “F-member”) is mature with medium 
oil generation capacities. Legend: CU, Cenomanian unconformity; SU, Santonian unconformity; LH, 
Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The 
vertical grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; 
Oligocene; Miocene; Pliocene; and recent 
 
 
 
 
 
 
 
 
 
 
Figure  5.14: Plot or the transformation ratio (percent) and the bulk generation rate (mgHC/gTOC/MY) for 
Abu Roash “F” member. Legend: CU, Cenomanian unconformity; SU, Santonian unconformity; LH, 
Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The 
vertical grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; 
Oligocene; Miocene; Pliocene; and recent. 
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Figure  5.15: Total generated HC mass (Mtons) and total expelled HC mass (Mtons). Legend: CU, 
Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, 
Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
Figure  5.16: Plot of Multi-components (petroleum generation potential) Comp_Dry_Gas and 
Comp_Medium_Oil  [Pepper and Corvi 1995 a]. Legend: CU, Cenomanian unconformity; SU, Santonian 
unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus 
(Inversion Phase). The vertical grid lines represent the age boundaries from left to right: Cretaceous; 
Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent 
 
 
 
 
 
 
 
 
 
 
 
Figure  5.17: Convertible Kerogen (HC Mass) and Total generated. Legend: CU, Cenomanian 
unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active 
subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries 
from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent.  
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Table  5.5: Chronostratigraphic conceptual model of the basin fill in terms of geologic processes operating 
at a specific time for BED 3-3 well. 
Name Top Base Thickness 
Deposition 
Age 
Erosion Age Lithology 
   Present Eroded from To From To  
 meter meter meter meter Ma Ma Ma Ma  
Surface     11   0 0 0 0   
N.D 11 11 0   1.64 0.1     Sandstone (clay rich) 
Kurkar 11 11 0   3.4 2.3 2.3 1.64 Sandstone (clay rich) 
Marmarica 11 11 0   16.3 7.7 6.7 3.4 Limestone (shaly) 
Moghra 11 669.5 658.5 100 26.3 18 17 16.3 Sandstone (clay rich) 
Dabaa 669.5 1146.75 477.25   37 26.3     Shale (organic lean, silty) 
AP-A 1146.75 1272.51 125.76 80 40.94 39.6 38.6 37 Limestone (shaly) 
AP-B 1272.51 1293.2 20.69   41.66 40.94     Shale (organic lean, typical) 
AP-C 1293.2 1532.93 239.73   50 41.66     Limestone (ooid grainstone) 
AP-D 1532.93 1704.78 171.85   56.5 50     Limestone (ooid grainstone) 
Esna 1704.78 1704.78 0 160 65 59 57 56.6 Shale (organic lean, typical) 
KH-A 1704.78 2427.96 723.18 150 81.46 69.1 67.1 65 Limestone (Chalk, 95% calcite) 
KH-B-O1 2427.96 2614.01 186.05   84.64 81.46     Shale (organic lean, sandy) 
AR-A-O 2614.01 2869.13 255.12 60 89.9 86 85 84.64 Limestone (shaly) 
AR-B-C 2869.13 3026.68 157.55   91.62 89.9     Limestone (ooid grainstone) 
AR-C-O 3026.68 3124.35 97.67   92.67 91.62     Shale (organic lean, sandy) 
AR-D-O 3124.35 3181.14 56.79   93.28 92.67     Limestone (shaly) 
AR-E 3181.14 3181.14 0   93.28 93.28     Shale (organic lean, typical) 
AR-F-S1 3181.14 3201.93 20.79   93.5 93.28     Limestone (organic rich-1-2% TOC) 
AR-G-O 3201.93 3323.89 121.96 70 95.95 95 94.5 93.5 Shale (organic lean, sandy) 
AR-G-S2 3323.89 3343.39 19.5   96.1 95.95     Shale (organic rich, typical) 
AR-G-O 3343.39 3354.98 11.59   96.2 96.1     Shale (organic lean, typical) 
BAH-O 3354.98 3524.83 169.85   97.97 96.2     Shale (organic lean, silty) 
BAH-S3 3524.83 3538.53 13.7   98.11 97.97     Shale (organic rich, 3% TOC) 
BAH-O 3538.53 3614.41 75.88   98.9 98.11     Siltstone (organic lean) 
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Table 5.5: (Cont.). 
Name Top Base Thickness 
Deposition 
Age 
Erosion Age Lithology 
   Present Eroded from To From To  
 meter meter meter meter Ma Ma Ma Ma  
KHT-O 3614.41 3672.49 58.08 100 102.28 100.5 99.5 98.9 Sandstone (clay rich) 
KHT-C 3672.49 3699.18 26.69   103.1 102.28     Shale (organic lean, typical) 
KHT-R 3699.18 3720.07 20.89   103.74 103.1     Sandstone (clay poor) 
KHT-O 3720.07 3996.53 276.46   112.2 103.74     Shale (organic lean, silty) 
DAH 3996.53 4021.53 25   115.16 112.2     Shale (organic lean, silty) 
AL 4021.53 4096.53 75   119.54 115.16     Limestone (ooid grainstone) 
SH 4096.53 4596.53 500 100 124 121 120 119.54 Sandstone (clay rich) 
Betty 4596.53 4946.53 350   141.8 124     Sandstone (typical) 
Masajid 4946.53 5196.53 250 150 160.39 148.36 146.36 141.8 Limestone (ooid grainstone) 
Masajid 5196.53 5396.53 200   164.4 160.39     Limestone (ooid grainstone) 
Khatatba 5396.53 5846.53 450   172.84 164.4     Shale (organic lean, sandy) 
W. Natrun 5846.53 5996.53 150   180.1 172.84     Shale (organic lean, silty) 
Bahrein 5996.53 6196.53 200   203.8 180.1     Sandstone (typical) 
Eghei 6196.53 6196.53 0 400 228.9 212 207 205.4 Shale (organic lean, typical) 
Eghei 6196.53 6196.53 0 400 245.8 228.9 205.4 203.8 Sandstone (typical) 
Safi 6196.53 6496.53 300 90 290 255 250 245.8 Limestone (shaly) 
Safi 6496.53 6846.53 350 100 332.8 292 291 290 Sandstone (clay rich) 
Dhiffah 6846.53 6946.53 100 60 339.54 334.8 333.8 332.8 Sandstone (typical) 
Disouqy 6946.53 7096.53 150   358.17 339.54     Sandstone (clay rich) 
Zeitoun 7096.53 7496.53 400 220 384.4 366.4 361.4 358.17 Shale (organic lean, sandy) 
Zeitoun 7496.53 7996.53 500   402.4 384.4     Sandstone (typical) 
Basur 7996.53 8056.53 60 60 426.14 415.7 410.7 402.4 Sandstone (clay rich) 
Kohla 8056.53 8206.53 150   439 426.14     Sandstone (clay poor) 
Shifah 8206.53 8456.53 250 120 510 441 440 439 Sandstone (clay rich) 
Shifah 8456.53 8756.53 300 100 560 512 511 510 Sandstone (typical) 
Granite 8756.53 9756.53 1000   675 600     Granite (500 Ma old) 
  9756.53                 
1Source rock interval with 2.5 wt% TOC, HI is678 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TII(B)). 
2Source rock interval with 0.98wt% TOC, HI is 472 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIIIH(DE)). 
3Source rock interval with 2.17 wt% TOC, HI is 241 mgHC/g TOC, Kinetics (Pepper and Corvi 1995_TIIIH(DE)).    
 
The source rock in BED concession entered the oil window close to the Early Paleocene (~61.69 
Mabp) during the deposition of Esna Formation and shortly after the late Cretaceous tectonic event 
called Syrian Arc System. In contrast, in the SIT concession the source rock sequence entered the oil 
window later (~34.61-27.41 Mabp Oligocene) during the deposition of Dabaa Formation and after the 
Late Eocene inversion phase. The oil window ranged between 2030m (~61.69 Mabp Early Paleocene) 
and 2270m (~27.41 Mabp Late Oligocene), before the maximum burial was reached, at BED 3-3 well 
and SIT 4-1 well, respectively. The oil window is shallower and older in age (Early Paleocene) in BED 
concession in comparison to that in SIT concession where they are relatively deeper and younger in 
age (Figures 5.18, 5.19 and 5.20). 
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The present-day vitrinite reflectance values based on the calculation of [Sweeney and Burnham 1990] 
show different vitrinite reflectance values for the source rock at different wells. The simulated present-
day vitrinite values range from 0.65 % SIT 4-1 to 0.75% at BED 3-3 well with present-day 
temperature range of 91°C at SIT 4-1 well to 107°C at BED 3-3 well (Figures 5.7, 5.9 and 5.21). 
Petroleum generation starts at a vitrinite reflectance of 0.61%, which is reached at different age and 
depth throughout the area (Figures 5.10 and 5.11), (~61.69 Mabp Early Paleocene) at BED 3-3 well at 
a temperature of 98°C. In the SIT concession the vitrinite reflectance value of 0.61% was recorded 
~27.41 Mabp (Late Oligocene); at SIT 4-1 well at a temperature 100°C (Figures 5.6, 5.8 and 5.21). 
The present day transformation ratio ranges between 15.19% at SIT 4-1 well to 41.88% at BED 3-3 
well. The maximum bulk generation rate ranges between 5.52 mgHC/gTOC/My at ~26.3 Mabp (Late 
Oligocene) at SIT 4-1 well to 8.81 mgHC/gTOC/My at ~26.3 Mabp (Late Oligocene) at BED 3-3 well 
(Figure 5.22) mainly after the Eocene Inversion phase. After a late Cretaceous tectonic event, the 
Syrian Arc system, an abrupt increase in the bulk generation rate of 5.76 mgHC/gTOC/My was 
observed at BED 3-3 well.  Because of the increased heating rate that accompanied the Syrian Arc 
system. The simulated present-day bulk generation rate ranges between 0.45 mgHC/gTOC/My at SIT 
4-1 well to 0.96 mgHC/gTOC/My at BED 3-3 well. Expulsion of the hydrocarbons occurred mainly after 
the Eocene Inversion phase. The first expulsion occurred at ~35.6 Mabp (Late Eocene) at BED 3-3 
well and almost recently ~7.7 Mabp (Late Miocene) at SIT 1-1 well (Figure 5.23). There is no 
expulsion at SIT 4-1 well. The present day expulsion ranges from 0.01 at SIT 1-1 well to 0.2 Mtons HC 
BED 3-3 well. The expulsion occurred at a generation rate that ranges between 0.83 mgHC/gTOC/My 
(~ 7.7 Mabp; Late Miocene) SIT 1-1 well to 7.45 mgHC/gTOC/My (~35.6 Mabp; Late Eocene) at BED 
3-3 well (Figure 5.23). The oil expulsion was at a composition of medium oil range between 115 
mgHC/gTOC (~35.6 Mabp; Late Eocene) at BED 3-3 well and 120 mgHC/gTOC (~7.7 Mabp; Late 
Miocene) at SIT 1-1 well. The gas expulsion was in a minor amount, generated by secondary cracking, 
at a range between 2.14 mgHC/gTOC (~35.6 Ma) at BED 3-3 well and 2.19 mgHC/gTOC (~7.7 Ma) at 
SIT 1-1 well (Figure 5.24).  
The important aspects of primary migration are the nature of the hydrocarbons expelled (oil or gas), 
the efficiency of expulsion, and the timing of the expulsion. Whether migration occurs mainly in 
vertical or horizontal direction also depends on the source rock properties. For example, fractures 
seem to develop more often parallel to the bedding plane in shaly source rocks than in carbonate 
source rocks, in which fractures cut bedding at high angles [Littke et al. 1988]. The present-day 
convertible kerogen ranges between 0.34 Mtons HC at SIT 1-1 well to 0.72 Mtons HC at SIT 4-1 well 
(Figure 5.25). The sum of generated hydrocarbons ranges between 14.91% at SIT 4-1 well and 
40.96% at BED3-3 well, with a moderate amount at BED 17-1 well of about 23.71%. The sum 
accumulated in the source ranges between 14.19% at SIT 4-1 well and 19.29% at BED 17-1 well. 
These amount partly adsorbed by the organic matter in the source rock. The expelled hydrocarbon 
ranges 2.64% at SIT 1-1 well and 24.78% at BED 3-3 well. Not all expelled hydrocarbons 
accumulated in the reservoir but a part was lost through the migration pathways. The remaining 
potential ranges between 58.12% at BED 3-3 well and 84.80% at SIT 4-1 well. The hydrocarbons of 
medium oil composition generated mainly by primary cracking. 
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Figure  5.18: The simulated burial history at BED 17-1 and BED 3-3 wells, with the hydrocarbon zone 
properties overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source 
interval of Abu Roash “F” member through geologic time scale (Ma).  
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Figure  5.19: The simulated burial history at SIT 1-1 and SIT 4-1 wells, with the hydrocarbon zone 
properties overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source 
interval of Abu Roash “F” member through geologic time scale (Ma). 
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Figure  5.20: The simulated burial history of Abu Roash “F-member”, with the hydrocarbon zone properties 
overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source interval of 
Abu Roash “F-member”, through geologic time scale (Ma). Legend: CU, Cenomanian unconformity; SU, 
Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean 
Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries from left to right: 
Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent 
 
 
 
 
 
 
 
 
 
 
Figure  5.21: The simulated vitrinite reflectance value and the associated thermal history of Abu Roash “F-
member “.  The calculated vitrinite reflectance value  carried out using the Easy%Ro algorithm [Sweeney 
and Burnham 1990] and temperature profile against geologic time scale (Ma) with zoon in form the 
Cretaceous  to Recent time. The source rock interval of (Abu Roash “F-member”) is mature with medium 
oil generation capacities. Legend: CU, Cenomanian unconformity; SU, Santonian unconformity; LH, 
Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The 
vertical grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; 
Oligocene; Miocene; Pliocene; and recent 
 
 
 
 
 
 
 
 
 
 
Figure  5.22: Plot or the transformation ratio (percent) and the bulk generation rate (mgHC/gTOC/MY) for 
Abu Roash “F” member. Legend: CU, Cenomanian unconformity; SU, Santonian unconformity; LH, 
Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The 
vertical grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; 
Oligocene; Miocene; Pliocene; and recent. 
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Figure  5.23: Total generated HC mass (Mtons) and total expelled HC mass (Mtons). Legend: CU, 
Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, 
Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
Figure  5.24: Plot of Multi-components (petroleum generation potential) Comp_Dry_Gas and 
Comp_Medium_Oil  [Pepper and Corvi 1995 a]. Legend: CU, Cenomanian unconformity; SU, Santonian 
unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus 
(Inversion Phase). The vertical grid lines represent the age boundaries from left to right: Cretaceous; 
Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent 
 
 
 
 
 
 
 
 
 
 
 
Figure  5.25: Convertible Kerogen (HC Mass) and Total generated. Legend: CU, Cenomanian 
unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active 
subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries 
from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent.  
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5.6 CONCLUSIONS 
Abu Roash “F” member is characterized by early-mature source rocks that were deposited under 
transitional environments, and with a tendency to produce mainly liquid oil with minor gas generation 
capacities. It is considered as an active currently expelling effective source rock that has already 
generated and expelled hydrocarbons. Application of the petroleum generation kinetics equations 
based on [Pepper and Corvi 1995 a] indicates that oil generation started around ~61.69 Mabp, since 
Early Paleocene at BED 3-3 well to 27.41 Mabp, since Late Oligocene at SIT 4-1 well, and expelled 
about ~35.6-7.7 Mabp since Late Eocene-Late Miocene. This kerogen type II starts decomposing to oil 
at a temperature as low as 98°C for oil generation stage windows. In BED concession hydrocarbon 
generation mainly related to the basin evolution rather than burial whereas in SIT concession related 
to exchange of burial and basin evolution. 
The foregoing conclusions are based on 4 wells used. Previous studies based on consideration of oil 
maturity windows have implied that Abu Roash “F” organic-rich intervals are currently mostly in the oil 
window [Bayoumi 1996] and may have reached the peak of generation during the Middle Eocene [Abu 
El Ata and Mansour 1991]. However, results of the present study indicate that the major generation 
occurred since ~61.69 Mabp in BED 3-10 well and most recently ~27.41 Mabp at SIT 4-1 well. This 
provides explorers with a new perspective for understanding the timing of expulsion of hydrocarbons 
in Abu Gharadig Basin. 
Peak oil generation was not reached as evident from very high HI values of Abu Roash “F” member 
source rocks. Therefore, the application of a kerogen type II-S kinetics has to be discarded. 
Application of kinetics for type II kerogen fits much better to the observed situation. Any kitchen for 
the oil/gas accumulation must be in deeper parts of the basin where a sufficient maturity has been 
reached. 
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6. RESERVOIR CHARACTERIZATION AND HYDROCARBON STABILITY OF 
CRETACEOUS RESERVOIR-INTERVALS, ABU GHARADIG BASIN, EGYPT 
Keywords: Abu Gharadig Basin - Reservoir Characterization - Basin Modeling. 
6.1 ABSTARCT 
The comprehensive integration of the geo-related data and the complete interpretation of the well 
logging, geochemical and the result of well calibrated 1D model explain the different hydrocarbon 
distribution with the Cretaceous reservoir intervals. The Cretaceous post-rift sequence represents the 
most important reservoir characterization and carrier in the area. Reservoir rocks are Abu Roash “C 
and G” members, Bahariya Formation, and Kharita Formation. Bahariya Formation represents the 
most important reservoir intervals. Whereas, Kharita Formation is the second important one. The 
reservoir thermal history, based on calibrated 1D model is more than 80°C since late Cretaceous age 
that retreated the biodegradation effect and suggests a thermodynamically stable crude oil without 
any possibility to secondary cracking gas generation. There is no indication of bacterial degradation, 
as shown in the n-alkane distribution diagram and the thermal history of the reservoir intervals. 
Therefore, the different hydrocarbon phase distribution in the area under investigation explained as 
result of recently charge or migration due to seal efficiency and fault juxtaposition. In addition, a 
principle of multi fill and spill is suggested as well. The small reserves are probably a reflection of 
limited trap volume as well as inefficient migration focusing. Other fields in the area are now very 
small, presumably because of post-charge tilting and spillage from once larger accumulations.  
6.2 INTRODUCTION 
The Abu Gharadig Basin is a Late Mesozoic, approximately E-W trending, asymmetric, intra-cratonic 
basin, which is 300 km long and 60 km wide. It is bounded to the north and south, respectively, by 
the Qattara Ridge and Sitra Platform (Figure 6.1). The study area is located between latitudes, 29° 37’ 
54” & 30° 03’ 54” N, and longitudes 27° 38’ 48“ & 28° 04’ 42” E (Figure 6.2). Abu Gharadig basin was 
actively subsiding since the Paleozoic. The basin downwarp was initiated since Carboniferous time and 
continued throughout the Jurassic and Cretaceous. It is a rift basin bounded in the north and south by 
two right-lateral shears and in the east and west by northwest trending normal faults [Meshref 1990]. 
It was formed during the Albian, reached maximum subsidence in the Late Cretaceous (Maastrichtian) 
and was subsequently inverted during the Paleocene-Eocene [Lüning et al. 2004]. 
The model is designed to build and simultaneously calibrate forward model parameters in a geologic 
time scale. It aims to improve the match between predictions and observations for integrating the 
multi-phase tectonic history of Abu Gharadig Basin responsible for the development of the basin, 
because of sedimentation, tectonics and erosion, with a petroleum characterization model to evaluate 
the petroleum system and hydrocarbon potentialities. Moreover, the petroleum transformation in 
reservoir interval based on the integration of petrophysical analysis and the result of 1D basin 
modeling is quantified and investigated. 
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Figure  6.1: 2-Dimensional index map showing the location of the study area (marked by the square) 
showing the spatial distribution of the main east-west sedimentary basin and major tectonics in the North 
Western Desert, Egypt, modified after [Bayoumi 1996]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  6.2: Enlarged location map of the study area and spatial distribution of the available wells; 2D time 
domain seismic lines (10 lines) and traces (4 traces) addressed throughout the current study. This dataset 
belongs to BADR Petroleum Company “Bapetco” concessions (Badr El-Din “BED” 9 wells and Sitra “SIT” 5 
wells). The deepest penetrated sequence is Shaltut Formation with depth ranging from 3701 m bmsl at 
BED 2-1 well, to 4017 m bmsl at SIT 1-1 well. A total well count of 14 includes 5 gas producers; 2 dry 
wells; and 7 oil producers. 
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6.3 GEOLOGIC FRAMEWORK 
The litho-stratigraphic column of Abu Gharadig basin comprises rock units ranging from Cambrian to 
Recent, (Figure 6.3), with the oldest sediments resting non-conformably on the basement rocks [El 
Ayouty 1990]. Paleozoic sediments range in age from early Cambrian to late Permian, overlying on 
non-conformably pre-Cambrian basement and overlain un-conformably by the Jurassic or younger 
sediments [Fawzy and Dahi 1992]. They are dominated by sandstones and siltstones with an 
abundance of limestones and shales in the upper part of the section 
The Jurassic section is divided lithologically into four formations: Baharein (fine-coarse quartzose 
sandstones) at the base is overlain by Wadi El-Natrun shallow marine carbonate-shale sequences or 
lagoonal deposits. Above continental clastics of Khatatba thick shallow marine carbonaceous shale 
sequence, with interbedded porous sandstones, coals seams are overlain by the Masajid Formation 
platform carbonates including, reefal and dolomitic limestones at the top [Fawzy and Dahi 1992].  
The entire Early Cretaceous consists of thick regressive marginal marine to continental clastics 
(Neocomian through Albian) that are divided into Betty Member and Alam El-Bueib “Shaltut” 
Formation. Red, kaolinitic sandstones with calcareous shale intercalations and coals occur at the base 
and grade to Kharita massive quartzose sandstones, with rapidly alternating sequences of shale, 
siltstone and sandstone above. These sediments are overlain by the Dahab Shale Formation (greenish 
grey pyritic shale with siltstone, sandstone and limestone interbeds) and Alamein Formation (hard 
microcrystalline dolomite with vuggy porosity and fractured porosity and with some shale interbeds). 
The Late Cenomanian and Turonian deposits consist of shallow marine coarse clastics at the base 
(Bahariya Formation) to fine clastics at the top (Abu Roash Formation) [Soliman and El Badry 1980; 
Schlumberger 1984]. Abu Roash Formation conformably overlies Bahariya Formation and 
unconformably underlies Khoman Formation. It is subdivided  into seven lithostratigraphic members, 
distinguished from top to base as "A", "B", "C", "D", "E","F" and "G" members, which cover the Upper 
Cenomanian to Coniacian time interval [Aadland and Hassan 1972; Schlumberger 1984]. The latest 
Cretaceous was a time of clastic starvation which led to the deposition of the thick marine Khoman 
chalk section [Fawzy and Dahi 1992]. The top and base of Khoman Formation are marked by two 
regional unconformities [Hume 1911; Shukri 1954; Amin 1961; Said 1962].  
The Cenozoic sediments are divided into two cycles: the Paleocene to Middle Eocene (Apollonia 
Formation) represents open marine conditions with hard dense carbonates and some shaly zones 
(Figure 6.3) and the Late Eocene to Miocene (Dabaa Formation at the base and Moghra Formation at 
the top) [Abd El Aal 1988] consists of argillaceous carbonaceous shales with glauconitic, sandy 
limestone interbeds representing a shallow marine environment. It overlies unconformably the 
Apollonia Formation and is overlain conformably by shallow marine light-colored sandstones of the 
Moghra formation [Fawzy and Dahi 1992]. 
6.4 METHODOLOGY 
The thermal history of a basin is related to depositional history and, associated with it, the timing (and 
volume) of hydrocarbon generation as well as migration and accumulation [Ungerer et al. 1990]. The 
basin model depends on a well-defined geologic time framework conceptual model. 
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Figure  6.3: A generalized chrono-stratigraphic column and tectonic correlation chart of Abu Gharadig 
Basin, north Western Desert, Egypt. The facies succession, ages, distribution of potential source and 
reservoirs rocks are also represented, modified after [Schlumberger 1984; Schlumberger 1995; Guiraud 
and Bosworth 1999; Guiraud et al. 1999]. The tentative paleowater depth is based on palynological and 
foraminiferal analysis of ditch samples for the Cretaceous age [Abd El Kireem et al. 1996]. The average 
recorded thickness values are inferred from literature. The Geologic age scale is according to [Harland et 
al. 1990]. The color code is selected according to the United States Geological Survey (USGS). 
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The backbone of basin modeling is the reconstruction of paleo-temperature (Figures 6.4 and 6.5) and 
its spatial variation in the basin. Temperature is calculated from basal heat flow values specified for 
each geologic event, thermal conductivity (Table 6.1) and surface temperature [Yükler et al. 1978]. 
The thermal boundary conditions are the sediment-water interface temperature at the top of the 
model and the paleoheat flow at the bottom (Figure 6.6). For paleo heat flow values the most 
reasonable initial approach consists in using the known plate tectonic framework and analogies of the 
basin to be modeled and crustal evolution models (see [Allen and Allen 1990]).  
The calculation of vitrinite reflectance from temperature histories was carried out using the EASY%Ro 
algorithm of [Sweeney and Burnham 1990] that allows the calculation of vitrinite reflectance values 
between 0.3 and 4.5 % (Figures 6.7 to 6.10).  The calculated parameters were compared with 
measured data so that the thermal model can be calibrated. The 1D models were established using 
modeling software (PetroMod® V.10.0 SP2) developed by IES (Aachen, Germany). The Interactive 
Petrophysics software used for borehole geophysical data processing and petrophysical evaluation of 
the penetrated sequence in each well. 
Typical well log suites included SP, caliper, deep, intermediate, and shallow resistivity, density, 
neutron, sonic, gamma ray, and composite logs for the same well. Prior to petrophysical property 
evaluation, in order to understand and obtain a more accurate estimation and interpretation of the 
well log data, utilizing the IP-software, application of the environmental corrections is essential. These 
corrections include mud weight, borehole size "standoff", mud cake, mud's salinity, mud hydrogen 
index, temperature, bed thickness, invasion, etc. These corrections have been applied to resistivity, 
gamma ray, density, and neutron porosity measurements whenever necessary, in order to predict 
accurate values of total and effective porosity, types of pore fluids and saturations as well as 
hydrocarbon reserves. The IP-modules software used for data processing and petrophysical evaluation 
of the penetrated sequence in each well. All the available data were utilized for differentiation of the 
logged sequence into elements of the petroleum system as follows: 
1. Using both single and double shale indicator to compute volume of shale for the zones of 
interest (Table 6.2). This module calculates the shale volume (Vclay) that is used to correct 
porosity and water saturation for clay effect. 
2. Assume a dual mineral (shale and matrix), single fluid (water) model for each of the basic 
lithologies, compute the porosity log from density-neutron module and/or sonic model in certain 
well whenever necessary in case of the Density –Neutron not recorded. 
3. Perform a simple shale correction, based on the volume of shale previously computed, in order 
to improve the estimate of the total porosity, effective porosity, and fluid saturation. 
4. Reasonable cutoffs chosen, the zones that passed all chosen cutoff parameters are flagged on 
the depth plots. 
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Figure  6.4: Quantitative simulated geohistory, burial history and recalibrated temperature development 
history as a function of time and space of the reference BED 17-1 and BED 2-1 wells using the 
paleotemperature determined by Easy% Ro approach. The solid lines trace the depth-time relation for the 
sediment with discrepancy between present (compacted) and decompacted thickness. Note that the 
irregular heat flow history is required to achieve a best fit between measured and calculated vitrinite 
reflectance values.  Kinetic parameters were used to determine accurately the timing of hydrocarbon 
generation and the generated products compositions (oil/gas and non-hydrocarbon). The lower curve 
shows subsidence of the basement. The upper curves are sea-level and the sediment-water interface. 
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Figure  6.5: Quantitative simulated geohistory, burial history and recalibrated temperature development 
history as a function of time and space of the reference BED 3-3 and SIT 1-1 wells using the 
paleotemperature determined by Easy% Ro approach. The solid lines trace the depth-time relation for the 
sediment with discrepancy between present (compacted) and decompacted thickness. Note that the 
irregular heat flow history is required to achieve a best fit between measured and calculated vitrinite 
reflectance values.  Kinetic parameters were used to determine accurately the timing of hydrocarbon 
generation and the generated products compositions (oil/gas and non-hydrocarbon). The lower curve 
shows subsidence of the basement. The upper curves are sea-level and the sediment-water interface. 
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Table  6.1: Summary of some established characteristic parameters of lithostratigraphic unit in Abu 
Gharadig basin used for modeling. 
Lithology Radiogenic Heat 
Mechanical 
Compaction 
Thermal 
Conductivity 
Heat 
Capacity 
Name U Th K40 Density IP MP 20°C 100°C 20°C 100°C 
 ppm ppm % Kg m-3 Untiless W m-1  K-1 Kcal kg-1  K-1 
Sandstone (typical)* 1.3 3.5 1.3 2720 0.41 0.01 3.95 3.38 0.204 0.236 
Sandstone (clay rich)* 1.5 5.1 3.6 2760 0.4 0.01 3.35 2.95 0.206 0.238 
Sandstone (clay poor)* 0.7 2.3 0.6 2700 0.42 0.01 5.95 4.85 0.196 0.226 
Sandstone (quartzite, typical)* 0.6 1.8 0.9 2640 0.42 0.01 6.15 5 0.213 0.246 
Sandstone (subarkose, dolomite rich)* 0.9 2.7 0.9 2710 0.4 0.01 4.1 3.49 0.201 0.232 
Sandstone (arkose, clay poor)* 2 7 1 2710 0.39 0.01 4 3.42 0.2 0.231 
Shale (typical)* 3.7 12 2.7 2700 0.7 0.01 1.64 1.69 0.206 0.238 
Shale (organic lean, typical)* 3.7 12 2.7 2700 0.7 0.01 1.7 1.74 0.206 0.238 
Shale (organic lean, sandy)* 2.8 11 2.5 2700 0.65 0.01 1.84 1.84 0.206 0.238 
Shale (organic lean, silty)* 3 11 2.6 2700 0.67 0.01 1.77 1.79 0.206 0.238 
Shale (organic lean, siliceous, typical)* 2 4.5 2 2710 0.7 0.01 1.9 1.88 0.206 0.238 
Shale (black) 19 11 2.5 2500 0.7 0.01 0.9 1.15 0.225 0.26 
Shale (organic rich, typical)* 5 12 2.8 2600 0.7 0.01 1.25 1.41 0.215 0.248 
Shale (organic rich, 3% TOC)* 5 12 2.8 2610 0.7 0.01 1.45 1.55 0.21 0.243 
Shale (organic rich, 8% TOC)* 10 11 2.9 2500 0.7 0.01 1.2 1.37 0.215 0.248 
Siltstone (organic lean)* 2 5 1 2720 0.55 0.01 2.05 1.99 0.217 0.251 
Siltstone (organic rich, typical) 2 5 1 2710 0.55 0.01 2.01 1.96 0.225 0.26 
Conglomerate (typical) 1.5 4 2 2700 0.3 0.01 2.3 2.18 0.196 0.226 
Anhydrite* 0.1 0.3 0.4 2970 0.01 0.01 6.3 5.11 0.179 0.207 
Chert 1 1 0.7 2650 0.45 0.01 4.8 4.01 0.213 0.246 
Gypsum 0.08 0.2 0.3 2320 0.01 0.01 1.5 1.59 0.263 0.304 
Halite 0.02 0.01 0.1 2200 0.01 0.01 6.5 5.25 0.206 0.238 
Chalk (typical) 1.9 1.4 0.25 2680 0.7 0.01 2.9 2.62 0.203 0.234 
Coal (pure) 1.5 3 0.55 1600 0.76 0.01 0.3 0.71 0.311 0.359 
Kerogen 100 0 0 1100 0.76 0.01 1 1.22 0.002 0.002 
Limestone (ooid grainstone)* 1 1 0.2 2740 0.35 0.01 3 2.69 0.2 0.231 
Limestone (shaly)* 2 4 1 2730 0.48 0.01 2.3 2.18 0.203 0.234 
Limestone (organic rich - typical) 5 1.5 0.26 2680 0.51 0.01 2 1.96 0.202 0.233 
Limestone (organic rich - 1-2% TOC)* 2.5 1.7 0.27 2710 0.51 0.01 2.63 2.42 0.201 0.232 
Limestone (Chalk, 95% calcite)* 1.9 1.4 0.25 2680 0.7 0.01 2.9 2.62 0.198 0.229 
Limestone (Chalk, 75% calcite)* 1.9 1.4 0.25 2680 0.67 0.01 2.65 2.43 0.201 0.232 
Marl 2.5 5 2 2700 0.5 0.01 2 1.96 0.203 0.234 
Dolomite (typical)* 0.8 0.6 0.4 2790 0.35 0.01 4.2 3.57 0.206 0.238 
Basalt (normal) 0.9 2.7 0.8 2870 0.01 0.01 1.8 1.81 0.191 0.221 
Gabbro 0.25 0.8 0.5 2870 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (150 Ma old) 6.5 17 5.7 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (500 Ma old)* 4.5 15 4.5 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (> 1000 Ma old) 4 13.5 3.5 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granodiorite 2.3 9.3 2.8 2720 0.03 0.03 2.6 2.4 0.174 0.201 
Gneiss 2.1 9.7 2.2 2740 0.01 0.01 2.9 2.62 0.22 0.254 
*Actual used lithologies for the used model. IP: Initial Porosity. MP: Minimum Porosity. 
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Figure  6.6: The thermal boundary conditions for all wells including the sediment-water interface 
temperature at the top of the model and the paleo-heat flow at the bottom must be established to 
determine the interior temperature field. The tentative paleowater depth is based on palynological and 
foraminiferal analysis of ditch samples for the Cretaceous age [Abd El Kireem et al. 1996]. Sediment–
water interface temperature depend on water depth and paleolatitude synthesized after [Wygrala 1989]. 
The basal heat flow values were specified for each geologic event using the known plate tectonic 
framework and crustal evolution models [Allen and Allen 1990]. Legend: JR, Jurassic rifting phase (Early 
Kimmerian Orogenic); CR, Cretaceous rifting phase (Late Kimmerian Orogenic); LH, Laramide Hiatus 
(Syrian Arc System); PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the era 
boundaries from left to right: Paleozoic; Mesozoic; and Cenozoic. 
 
 
Table  6.2: Final calculated petrophysical parameters for each individual borehole addressed1. It includes 
depths and thickness and IP-Interactive Petrophysics® Software deuced parameters as follow; reservoir 
and pay characterization parameters (includes net thickness, effective porosity, water saturation and shale 
volume).  
Well Top Bottom Gross R.Net P.Net Av.Phi Av.Sw Av.Vcl Phase Zone 
2316.14 2318.64 2.5 2.3 2.3 17.8 31.7 12  AR-G-R1 
2438.61 2443.11 4.5 4.35 4.35 20.5 43.3 6  BAH-R1 B2-1 
2483.69 2486.99 3.30 3.15 3.15 19.3 49 18.3  BAH-R2 
2411.03 2415.43 4.40 4.15 4.15 21.6 16 6  BAH-R1 
2427.12 2429.32 2.2 2.15 2.15 23.5 14.4 6  BAH-R2 B2-7 
2470.61 2480.21 9.60 9.45 9.45 22 12.6 2  BAH-R3 
2599.58 2602.47 2.90 2.70 2.60 21.8 42.2 10  AR-C-R1* 
B17-1 
3284.78 3287.07 2.3 2 1.70 38 47.1 4  BAH-R1 
B3-3 3699.18 3720.07 20.89 20.89 20.54 15.8 17.9 2  KHT-R1 
3450.98 3461.19 10.21 9.41 9.41 14.3 12.3 4  BAH-R1 
3592.52 3615.44 22.92 18.42 18.42 14 7.3 4  KHT-R1 B3-4 
3730.66 3761.59 30.93 25.07 25.07 12 12.2 3  KHT-R2 
B3-10 3636.31 3690.76 54.45 42.04 41.94 14.8 8 9  KHT-R1 
2942.18 2944.08 1.9 1.2 1.2 14.3 28 0.8  BAH-R1 
S1-1 
2952.29 2954.59 2.3 1.2 1.2 16.2 40.3 0.5  BAH-R2 
S5-1 3158.35 3171.36 13.01 12.01 12.01 17.7 23.5 10.0  BAH-R1 
Top: depth to the top (m); Bottom: depth to the bottom (m); Gross: the total thickness of the zone (m); R.Net:  thickness of the 
reservoir interval (m);P.Net: thickness of the pay zone (m); Av.Phi: average porosity (%); Av.Sw: average water saturation (%); 
Av.Vcl: average volume of shale (%);and Phase: hydrocarbon phase (oil or gas). 
 
 
                                               
1 The green cell represents liquid phase-bearing zone, whereas the red cell represents gas-phase-bearing zone.  
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Figure  6.7: Quantitative simulated geohistory, burial history as a function of time and space of the 
reference BED 17-1 and BED 2-1 wells using the paleotemperature determined by Easy% Ro approach. 
The solid lines trace the depth-time relation for the sediment with discrepancy between present 
(compacted) and decompacted thickness. Note that the irregular heat flow history is required to achieve a 
best fit between measured and calculated vitrinite reflectance values.  Kinetic parameters were used to 
determine accurately the timing of hydrocarbon generation and the generated products compositions 
(oil/gas and non-hydrocarbon). The lower curve shows subsidence of the basement. The upper curves are 
sea-level and the sediment-water interface. 
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Figure  6.8: Quantitative simulated geohistory, burial history as a function of time and space of the 
reference BED 3-3 and SIT 1-1 wells using the paleotemperature determined by Easy% Ro approach. The 
solid lines trace the depth-time relation for the sediment with discrepancy between present (compacted) 
and decompacted thickness. Note that the irregular heat flow history is required to achieve a best fit 
between measured and calculated vitrinite reflectance values.  Kinetic parameters were used to determine 
accurately the timing of hydrocarbon generation and the generated products compositions (oil/gas and 
non-hydrocarbon). The lower curve shows subsidence of the basement. The upper curves are sea-level 
and the sediment-water interface. 
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Figure  6.9: Simulated burial history at locations BED 17-1 and BED 2-1 wells, with maturity overlay using 
the Easy%Ro algorithm [Sweeney and Burnham 1990] against geologic time scale (Ma).  
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Figure  6.10: Simulated burial history at locations BED 3-3 and SIT 1-1 wells, with maturity overlay using 
the Easy%Ro algorithm [Sweeney and Burnham 1990] against geologic time scale (Ma).  
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6.5 RESULTS AND DISCUSSION 
The thermal modeling procedures include the reconstruction of the present-time temperature regime 
and the temperature history evaluation. Bottom-Hole Temperature (BHTs) were used to estimate the 
present day temperature of the control wells addressed throughout the research. Maturity calculation 
was carried out using the EASY% Ro algorithm of [Sweeney and Burnham 1990]. The available 
geochemical data include vitrinite reflectance (Ro%) and Rock Eval Tmax2, as well as the total organic 
carbon (TOC), Rock Eval S1 (free low-molecular-weight hydrocarbon), S2 (cracked hydrocarbon, 
generation potential), S3, Hydrogen Index, Oxygen index.   
The output crossplot displays, (Figures 6.11, 6.16 and 6.17), in a number of tracks from left to right, 
names of the examined formation, the examined zones (used for displaying the current zonation used 
in the interpretation zone), the corrected natural gamma ray, self potential and the caliper log 
readings, the depth track, the corrected induction electrical resistivity logs (ILDC, ILMC, and SFLC, 
respectively) and the porosity tools input data (corrected density, neutron and sonic log readings). At 
the right hand-side of the plot, the clay volume analysis is presented because of all the interactive 
single and/or double clay indicators through the IP program. Moreover, the water saturations (Sw and 
Sxo), the porosity (total and effective), the movable oil plot, and the cutoff are displayed. In addition, 
the lithofacies analysis (matrix, and total wet clay by volume) is presented associated with effective 
porosity curves. The final analysis of the integrated geological and borehole geophysical 
interpretations of the penetrated logged sequence accompanied with geochemical data to calibrate 
the thermal history obtained from 1D model. The evaluated sequence is divided into different zones 
that are later called layer timestep events for the Petroleum Basin Modeling software PetroMod. 
The zone is accompanied by complementary letters, which have been used to differentiate the studied 
interval into different zones annotated with specific letters to be used in the subsequent processes for 
evaluating the hydrocarbon potentiality of the examined interval. The letters were added to the zone 
annotations to indicate the name of the examined interval. For example AR-C-R1, means a reservoir 
zone of Abu Roash Formation /member “C”. The results of the reservoir characterizations are 
tabulated in Table 6.2. 
6.5.1 Abu Roash “C” member  
The well reached a total vertical depth of 3432 m bsl, and it encountered Cretaceous post-rift section, 
Kharita Formation as a bottom Formation. The Bottom Hole Temperature (BHT) is 103°C. Abu Roash 
Formation reached at 2146 m bsl, where as Bahariya and Kharita formations are reached at 2957 and 
3269 m bsl, respectively. Reservoir rock is more likely in Cretaceous post-rift succession of Abu Roash 
“C” member, zone AR-C-R1, (oil-bearing zone), (Figure 6.11 and Table 6.2). At BED 17-1 well, the 
zone AR-C-R1, at depth 2500m and a total thickness of 3m, with effective porosity of 22% and Vcl 
10% and Sw of 42%. The reservoir thermal history, based on well calibrated model, (Figure 6.12) is 
more than 80°C since late Cretaceous age “Maastrichtian” , that retreated the biodegradation effect 
(Figures 6.13 and 6.14) and suggests a thermodynamically stable crude oil without any possibility to 
secondary cracking gas generation. 
                                               
2 The temperature, in °C, at which the pyrolytic yield of “hydrocarbon from a rock sample reaches its maximum”. It measures 
the lowest-rank material in a sample that can still generate hydrocarbons 
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Figure  6.11: Corrected log data sets associated with litho-saturation crossplot of the Cretaceous post rift 
section, Abu Roash “C” member, pay zone AR-C-R1 (2599.58-2602.47), at BED 17-1 well. The zone-wise 
representation of the well logging deduced saturation and lithological parameters is shown.   
 
 
 
 
 
 
 
 
 
 
 
 
Figure  6.12: The thermal history of the Abu Roash “C” member (Reservoir Interval AR-C-R1), which 
represents the temperature history in Celsius against geologic time scale (Ma). It is obvious that the 
reservoir temperature is relatively high (more than 80°C) inhibiting biodegradation effects. This suggests a 
thermodynamically stable crude oil without any possibility to secondary cracking gas generation. Legend: 
CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); 
AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent 
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Figure  6.13: Bar diagram of Normal-alkanes and isoprenoids of the sample oil from BED 17-1 well. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  6.14: Gas Chromatograph of the whole oil sample from BED 17-1 well. 
 
The geochemical investigation has been carried out on a crude oil samples from well BED 17-1, at the 
reservoir interval of Abu Roash “C” member, depth 2500m. The oil shows no indication of bacterial 
degradation, as shown in the n-alkane distribution diagram (Figures 6.13 and 6.14). The n-alkane 
distribution has a mature character. This oil has been expelled from a mature source rock (API 35.6°, 
Saturates 74%, aromatics 23% and NSO 3%). It is almost certain that the oil derived from a shaly 
source rock (low sulphur content 0.2%). It is very likely that oil expelled from a source rock containing 
predominantly structureless organic matter with a small contribution of algal matter (Figures 6.13 and 
6.14).  
6.5.2 Abu Roash “G” member 
The oil-bearing zone of Abu Roash “G” member, particularly zone AR-G-R1 at BED 2-1 well, is located 
at 2316m depth with a total thickness of 2m. The total effective porosity is 18%; the volume of clay is 
12% with a total water saturation of 32% (Table 6.2). The reservoir temperature, based on a well-
calibrated model, (Figure 6.15) is more than 80°C since Late Cretaceous time, which retreated the 
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biodegradation effect and suggests a thermodynamically stable crude oil without any possibility to 
secondary cracking gas generation. 
 
 
 
 
 
 
 
 
 
 
 
Figure  6.15: The thermal history of the Abu Roash “G” member (Reservoir Interval AR-G-R1), which 
represents the temperature history in Celsius against geologic time scale (Ma). It is obvious that the 
reservoir temperature is relatively high (more than 80°C) inhibiting biodegradation effects. This suggests a 
thermodynamically stable crude oil without any possibility to secondary cracking gas generation. Legend: 
CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); 
AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent 
 
6.5.3 Bahariya Formation 
The sandstone interval of Bahariya formation represents the most important reservoir intervals. There 
are three different reservoir zones at three different stratigraphic levels. The first upper reservoir 
interval called BAH-R1 (Figure 6.16), located at different depth range and different hydrocarbon phase 
bearing intervals. This zone recorded at BED 2-1, BED 2-7, BED 17-1, BED 3-4, SIT 1-1 and SIT 5-1 
wells. The depth to top ranged between, 2411m at BED 2-7 and 3451 m at BED 3-4 well. It is worthy 
mention that in BED concession this reservoir zone is a gas-bearing reservoir. In contrast, in SIT 
concession is an oil-bearing reservoir (Table 6.2). The thickness ranges between 2m at SIT 1-1 well 
and 13m at SIT 5-1 well. The effective porosity varies between 14% at SIT 1-1 well and 28% at BED 
17-1 well. The volume of clay varies between 1% at Sit 1-1 and 10% at SIT 5-1 well. The water 
saturation ranges 12% at BED 3-4 well and 47% at BED 17-1 well (Table 6.2).  
The second middle reservoir interval located only at three wells BED 2-1, BED 2-7 and SIT 1-1 well. 
The depth to top ranges between 2427m at BED 2-7 and 2952m at SIT 1-1 well. With oil bearing zone 
at BED 2-1 well and SIT 1-1 well. By contrast, as a gas-bearing zone at the shallower zone located at 
BED 2-7 well. The thickness ranges between 2m to 3m at BED 2-7 and BED 2-1 well, respectively. The 
effective porosity are 16% to 24% at SIT 1-1 well and BED 2-7 well, respectively. The clay volume 
ranges between 0.5% at SIT 1-1 well and 18% at BED 2-1 well. Whereas the water saturation ranges 
between 14% at BED 2-7 and 49% at BED 2-1 well (Table 6.2).   
A third localized reservoir interval of gas-bearing zone is located at BED 17-1 well with depth of 
2471m and total thickness of 10m and 22% porosity and 2% clay volume and 13% water saturation 
(Figure 6.17). The reservoir thermal history, based on well-calibrated model, (Figure 6.18) is more 
than 80°C since late Cretaceous age “Maastrichtian”, that retreated the biodegradation effect and 
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suggests a thermodynamically stable crude oil without any possibility to secondary cracking gas 
generation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  6.16: Corrected log data sets associated with litho-saturation crossplot of the Cretaceous post-rift 
section, Bahariya Formation, pay zone BAH-R1 (2438.61-2443.11)3, at BED 2-1 well. The zone-wise 
representation of the well logging deduced saturation4 and lithological parameters5 is shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  6.17:  Corrected log data sets associated with litho-saturation crossplot of the Cretaceous post-rift 
section, Bahariya Formation, pay zone BAH-R3 (2470.61-2480.21), at BED 2-7 well. The zone-wise 
representation of the well logging deduced saturation and lithological parameters is shown.  
                                               
3 True vertical depth interval of top and bottom in meter bsl 
4 Water saturation and hydrocarbon saturation 
5 Proportion of the total rock for clay, matrix (sandstone and/or limestone), and effective porosity  
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Figure  6.18: The thermal history of the Bahariya Formation (Reservoir Interval BAH-R1), which represents 
the temperature history in Celsius against geologic time scale (Ma). It is obvious that the reservoir 
temperature is relatively high (more than 80°C) inhibiting biodegradation effects. This suggests a 
thermodynamically stable crude oil without any possibility to secondary cracking gas generation. Legend: 
CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); 
AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent 
 
6.5.4 Kharita Formation 
The sandstone of Kharita formation is the second important reservoir interval in the area. There are 
two reservoir interval recoded. The uppermost zone called KHT-R1. This sand is hydrocarbon bearing 
reservoir at three wells, BD 3-3, BED 3-4, and BED 3-10 well. Kharita formation is a valuable reservoir 
interval in BED 3 concession only. This reservoir has gas-bearing zones at BED 3-4 and BED3-10 at 
depth ranges between 3592m and 3636m, respectively. On the other hands, at BED 3-3 well the 
reservoir interval located at depth 3718m with oil-bearing zone. The thickness of these reservoir zones 
ranges between 21m at BED 3-3 well and 55 m at BED 3-10 well. The average effective porosity is 
15% and the Volume of shale ranges between 2% at BED 3-3 well and 9% at BED 3-10 well. The 
water saturation of this reservoir ranges between 8% at BED 3-10 well and 18 at BED 3-3 well (Table 
6.2).  
The second Reservoir interval located at a single location; particularly BED 3-4 well. The depth at 
3730m with 31m thickness, 12% effective porosity and 3% volume of clay and 12% water saturation 
is a gas-bearing reservoir (Table 6.2). The reservoir thermal history, based on well-calibrated model, 
(Figure 6.19) is more than 80°C since late Cretaceous age “Maastrichtian”, that retreated the 
biodegradation effect and suggests a thermodynamically stable crude oil without any possibility to 
secondary cracking gas generation. 
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Figure  6.19: The thermal history of the Kharita Formation (Reservoir Interval KHT-R1), which represents 
the temperature history in Celsius against geologic time scale (Ma). It is obvious that the reservoir 
temperature is relatively high (more than 80°C) inhibiting biodegradation effects. This suggests a 
thermodynamically stable crude oil without any possibility to secondary cracking gas generation. Legend: 
CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); 
AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent 
 
6.6 CONCLUSIONS 
The Cretaceous post-rift sequence represents the most important reservoir characterization and 
carrier in the area. Reservoir rocks are more likely in Cretaceous post-rift succession of Abu Roash “C 
and G” members, (oil-bearing zone) with effective porosity ranges between 12% and 22%, a clean 
sand zone to shaly sand zone with volume of shale in the range of 10% to 12%. The water saturation 
ranges between 32% and 42% with thickness of 2-3 m. 
The sandstone interval of Bahariya formation represents the most important reservoir intervals. There 
are different reservoir zones at different stratigraphic levels. In BED concession the first reservoir zone 
is a gas-bearing reservoir whereas in SIT concession is a oil-bearing reservoir. The thickness ranges 
between 2m to 13m, the effective porosity varies between 14% to 28%. The volume of clay varies 
between 1% to 10%  with water saturation ranges 12% and 47%. The second interval is oil-bearing 
zone in BED and SIT concession and as a gas-bearing zone at BED 2-7 well. The thickness ranges 
between 2m to 3m with effective porosity of 16% to 24%. The clay volume ranges between 0.5% at 
SIT 1-1 well and BED 2-1 well. Whereas the water saturation ranges between 14% and 49%.  A third 
localized reservoir interval of gas-bearing zone is located at BED 17-1 well with total thickness of 10m 
and 22% porosity and 2% clay volume and 13% water saturation. 
Kharita formation is the second important reservoir interval in the area. There are two reservoir 
intervals. The first is gas-bearing zones and oil-bearing zone at BED 3-3 well. The thickness ranges 
between 21m and 55m. The average effective porosity is 15% and the Volume of shale ranges 
between 2% and 9%. The water saturation 8% and 18%. The second Reservoir interval located at 
BED 3-4 well with 31m thickness, 12% effective porosity and 3% volume of clay and 12% waster 
saturation and it is a gas-bearing reservoir (Table 6.2). 
The reservoir thermal history, based on calibrated 1D model is more than 80°C since late Cretaceous 
age that retreated the biodegradation effect and suggests a thermodynamically stable crude oil 
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without any possibility to secondary cracking gas generation. There is no indication of bacterial 
degradation, as shown in the n-alkane distribution diagram and the thermal history of the reservoir 
intervals. Therefore, the different hydrocarbon phase distribution in the area under investigation 
explained as result of recently charge or migration due to seal efficiency and fault juxtaposition. In 
addition, a principle of multi fill and spill is suggested as well.   
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7. THERMAL MATURITY EVALUATION OF CRETACEOUS CLASTIC ORGANIC RICH 
INTERVALS; RESULTS OF 1D BASIN MODELING STUDY, ABU GHARADIG 
BASIN, EGYPT 
Keywords: Abu Gharadig Basin – Bahariya Formation – Kharita Formation - Basin Modeling. 
7.1 ABSTRACT 
Detailed well log interpretation was performed for organic-rich source rock intervals and integrated 
into a conceptual model used for 1D basin modeling. Combining the results of the petrophysical, 
geochemical and 1D basin modeling studies provides a comparison between the generation potential 
with time for the Cretaceous clastic organic rich intervals. The outcome of thermal maturity and burial 
history of the clastic organic-rich intervals of Cretaceous age is discussed. The data that include 
geochemical and interpreted petrophysical analysis were implemented into the 1D modelling. Based 
on the obtained complex burial history of the study area the product of the 1D modelling was a 
thermal history. The maturity of the organic rich interval varies from immature-mature with a different 
tendency to produce oil depending on the kerogen type, basin evolution and burial through time. Most 
hydrocarbons were generated in the Late Eocene-Late Oligocene. This means that hydrocarbon 
generation occurred after the Late Eocene inversion phase. If sufficient residual kerogen remained, 
increased temperature as result of the combined effect of Tertiary deposition and elevated 
temperature in the Late Tertiary may were led to late–stage oil expulsion in favorable parts of the 
basin. For all well simulations, no expulsion of generated hydrocarbon is calculated except for the 
Alamein organic-rich interval.  
7.2 INTRODUCTION 
The study area consists a part of Abu Gharadig basin (Figure 7.1) and is located between latitudes, 
29° 37’ 54” & 30° 03’ 54” N, and longitudes 27° 38’ 48“ & 28° 04’ 42” E (Figure 7.2). The basin 
downwarp was initiated since Carboniferous time and continued throughout the Jurassic and 
Cretaceous. Abu Gharadig basin is a rift basin bounded in the north and south by two right-lateral 
shears and in the east and west by northwest trending normal faults [Meshref 1990]. It was formed 
during the Albian, reached maximum subsidence in the Late Cretaceous (Maastrichtian) and was 
subsequently inverted during the Paleocene-Eocene [Lüning et al. 2004].  
Although considerable work has been done to evaluate source rock characterization. A very little work, 
particularly with respect to thermal maturity of the clastic source rocks interval and hydrocarbon 
generation are existing. Integrated 1D and geochemical analysis applied and led to a maturity model, 
using lithologic concepts, derived from well log analysis. The objectives of this research is to give a 
proper appraisal of the geologic situation integrated with a comprehensive petroleum characterization 
model pointed to evaluate the petroleum system and hydrocarbon potentialities of the clastic organic 
rich intervals in the most developed area in the Western Desert at Abu Gharadig Basin. 
7.3 GEOLOGIC FRAMEWORK 
The litho-stratigraphic column of Abu Gharadig basin comprises rock units ranging from Cambrian to 
Recent, (Figure 7.3), with the oldest sediments resting non-conformably on the basement rocks [El 
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Ayouty 1990]. Paleozoic sediments range in age from early Cambrian to late Permian, overlying non-
conformably pre-Cambrian basement and overlain un-conformably by the Jurassic or younger 
sediments [Fawzy and Dahi 1992]. They dominated by sandstones and siltstones with an abundance 
of limestones and shales in the upper part of the section. [Fawzy and Dahi 1992] assumed that 
shallow marine to delta conditions prevailed at the time of Paleozoic deposition in Egypt.  
The Jurassic section divided lithologically into four formations: Baharein (fine-coarse quartzose 
sandstones with minor shale) overlain by Wadi El-Natrun shallow marine carbonate-shale sequences. 
The continental clastics of the Khatatba shallow marine carbonaceous shale sequence, with 
interbedded porous sandstones are overlain by Masajid Formation platform carbonates including, 
reefal and dolomitic limestones intervals at the top [Fawzy and Dahi 1992].  
The entire Early Cretaceous consists of thick regressive marginal marine to continental clastics 
(Neocomian through Albian) that are divided into Betty Member and Alam El-Bueib “Shaltut” 
Formation. Red, kaolinitic sandstones with calcareous shale intercalations and coals occur at the base 
and grade to Kharita massive quartzose sandstones, with rapidly alternating sequences of shale, 
siltstone and sandstone above.  
These sediments are overlain by the Dahab Shale Formation (greenish grey pyritic shale with siltstone, 
sandstone and limestone interbeds) and Alamein Formation (hard microcrystalline dolomite with some 
shale interbeds). An unconformity is present between the Early and Late Cretaceous [Philip et al. 
1980; Fawzy and Dahi 1992]. The Late Cenomanian and Turonian deposits consist of shallow marine 
coarse clastics at the base Bahariya Formation to fine clastics at the top Abu Roash Formation 
[Soliman and El Badry 1980; Schlumberger 1984]. Abu Roash Formation conformably overlies 
Bahariya Formation and unconformably underlies Khoman Formation. It is subdivided  into seven 
lithostratigraphic members, distinguished from top to base as "A", "B", "C", "D", "E", "F" and "G" 
members, that cover the Upper Cenomanian to Coniacian time [Aadland and Hassan 1972; 
Schlumberger 1984]. 
The latest Cretaceous was a time of clastic starvation which led to the deposition of the thick marine 
Khoman chalk section [Fawzy and Dahi 1992]. At the end of Cretaceous time, sedimentation 
continued in the structurally low and subsiding areas, but depositional gaps and erosional truncations 
were common on the pre-existing highs, which were reactivated, especially during the Paleocene.  
The Cenozoic sediments are divided into two cycles. The first one represents the Paleocene to Middle 
Eocene (Apollonia Formation), represents open marine conditions with hard dense carbonates and 
some shaly zones (Figure 7.3). The second cycle represents the Late Eocene to Miocene (Dabaa 
Formation at the base and Moghra Formation at the top) [Abd El Aal 1988] consists of argillaceous 
carbonaceous shales with glauconitic, sandy limestone interbeds representing a shallow marine 
environment. It overlies unconformably the Apollonia Formation and is overlain conformably by 
shallow marine light-colored sandstones of the Moghra formation [Fawzy and Dahi 1992]. 
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Figure  7.1: 2-Dimensional index map showing the location of the study area (marked by the square) 
showing the spatial distribution of the main east-west sedimentary basin and major tectonics in the North 
Western Desert, Egypt, modified after [Bayoumi 1996]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.2: Enlarged location map of the study area and spatial distribution of the available wells; 2D time 
domain seismic lines (10 lines) and traces (4 traces) addressed throughout the current study. This dataset 
belongs to BADR Petroleum Company “Bapetco” concessions (Badr El-Din “BED” 9 wells and Sitra “SIT” 5 
wells). The deepest penetrated sequence is Shaltut Formation with depth ranging from 3701 m bmsl at 
BED 2-1 well, to 4017 m bmsl at SIT 1-1 well. A total well count of 14 includes 5 gas producers; 2 dry 
wells; and 7 oil producers. 
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Figure  7.3: A generalized chrono-stratigraphic column and tectonic correlation chart of Abu Gharadig 
Basin, north Western Desert, Egypt. The facies succession, ages, distribution of potential source and 
reservoirs rocks are also represented, modified after [Schlumberger 1984; Schlumberger 1995; Guiraud 
and Bosworth 1999; Guiraud et al. 1999]. The tentative paleowater depth is based on palynological and 
foraminiferal analysis of ditch samples for the Cretaceous age [Abd El Kireem et al. 1996]. The average 
recorded thickness values are inferred from literature. The Geologic age scale is according to [Harland et 
al. 1990]. The color code is selected according to the United States Geological Survey (USGS). 
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The structural pattern of Abu Gharadig Basin is dominated by NE-SW oriented faults coupled with a 
strong pattern of NW–SE conjugate faults. These fault patterns suggest regional wrench faulting 
related to structural movement [Abd El Aal 1988]. The most predominant faults initiated as simple 
tensional normal faults, trending mainly E-W, ENE and WNW wards, of Late Jurassic–Early Cretaceous 
age but then developed a strong right lateral component. The major folds owe their origin to 
compressional movements, which affected the area during the Late Cretaceous-Early Tertiary tectonic 
events. These folds are aligned in a general NE–SW trend (Syrian Arc System) and plunge down to 
the southwest [Kostandi 1963].  
7.4 SOURCE ROCK ANALYSIS USING WELL LOGGING 
Many publications advocate using wireline logs to evaluate source rock potential, including [Schmoker 
1981; Meyer and Nederlof 1984; Herron 1991]. The advantage of wireline logs is that they contain 
more data points than are available from conventional geochemical data. They can be used to closely 
follow organic facies variations. Logs may indicate stratigraphic intervals of unidentified source rocks, 
and in more explored basins. They can be used to quantify the vertical and lateral extent of source 
rock units. The logs most frequently used are gamma ray, resistivity, sonic transit time, and density 
logs. Most evaluations of source rocks use several logs and calibrate them with geochemical data, in 
order to estimate quantitatively the TOC and the volume and maturity of the source rocks to 
distinguish source rocks from non-source rocks. Organic-rich shales also have low sonic velocities. 
Sonic transit times slow from about 60 to nearly 100 μsec/ft in the most organic-rich zones. Bulk 
density decreases in the same zone, and the gamma ray log shows an increase. Electrical resistivity 
increases where organic matter or oil replaces water in rock pores, because the former are not 
electrically conductive. Therefore, resistivity is very high where source rocks are mature and have 
generated oil, whereas they are low where they are immature, with no oil. Source rocks have also 
been known to be abnormally radioactive compared to surrounding nonsource shales. Therefore, they 
may be detected on gamma ray logs. There are numerous pitfalls, however, in the identification of 
source rocks on wireline logs, and potential source horizons should always be confirmed where 
possible by correlation with geochemical indicators [Allen and Allen 2005].  
Typical log suites included SP, caliper, deep, intermediate, and shallow resistivity, density, neutron, 
sonic, gamma ray, and composite logs for the same well. Combining logging devices has the 
advantage of providing depth-matched readings to produce simultaneous readings of several different 
logs and ensure that they are on-depth relative to each other. Prior to petrophysical property 
evaluation, in order to understand and obtain a more accurate estimation and interpretation of the 
well log data, utilizing the "Interactive Petrophysics6" (IP) log analysis software, application of 
environmental corrections is essential. These corrections include mud weight, borehole size "standoff", 
mud cake, mud's salinity, temperature, bed thickness, invasion, etc. All the available data were utilized 
for differentiation of the logged sequence into elements of the petroleum system. Using wireline logs 
to evaluate source rock potential and organic facies variations, stratigraphic intervals of unidentified 
source rocks were identified and the vertical extent of source rock units was quantified. 
                                               
6 Registered to Production Geoscience Ltd. (PGL), Scotland-Great Britain. Under License from Schlumberger 
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Evaluations of source rock intervals and calibration with comprehensive geochemical reports and 
maturity data for certain wells was performed, in order to distinguish source rocks from non-source 
rock intervals. The output crossplot displayed in (Figure 7.44), in a number of tracks from left to right, 
names of the examined formation, the examined zones (used for displaying the current zonation used 
in the interpretation zone), the corrected natural gamma ray, SP, caliper log readings, the depth track, 
the corrected induction electrical resistivity logs (ILDC, ILMC, and SFLC, respectively) and the porosity 
tools input data (corrected density, neutron and sonic log readings). At right hand-side of the plot, the 
clay volume analysis is presented as result of all the interactive single and/or double clay indicators 
through the IP program. Moreover, the water saturations (Sw and Sxo), the porosity (total and 
effective), the movable oil plot, and the cutoff displayed (for hydrocarbon bearing -reservoir interval). 
In addition, the lithofacies analysis (matrix, and total wet clay by volume) is presented associated with 
effective porosity curves.  Finally, the integrated geological and borehole geophysical interpretation of 
the penetrated and logged sequence is merged with geochemical data to calibrate the results on the 
obtained source rock intervals. The available geochemical data include vitrinite reflectance (VRr) and 
Rock Eval Tmax, as well as the total organic carbon (TOC), Rock Eval S1 (free low-molecular-weight 
hydrocarbon), S2 (cracked hydrocarbon, generation potential), S3, Hydrogen Index, Oxygen Index 
(Table 7.1). The evaluated sequence is divided into different zones that are later called events in the 
Basin Modeling software “PetroMod”.  
7.5 BASIN MODELING PROCEDURE 
The basin model depends on a well-defined geologic time framework conceptual model. The goal is to 
achieve a reliable “chronostratigraphic” interpretation of a basin-fill, so that the distribution and nature 
of sedimentary facies is distinguished in terms of geologic processes operating at a specific time. The 
backbone of basin modeling is the reconstruction of paleo-temperature and its spatial variation in the 
basin. Temperature is calculated from basal heat flow values specified for each geologic event, 
thermal conductivity (Table 7.2) and surface temperature [Yükler et al. 1978]. The thermal boundary 
conditions are the sediment-water interface temperature at the top of the model and the paleoheat 
flow at the bottom (Figure 7.4). For paleo heat flow values the most reasonable initial approach 
consists in using the known plate tectonic framework and analogies of the basin to be modeled and 
crustal evolution models, see [Allen and Allen 1990]. The calculation of vitrinite reflectance from 
temperature histories was carried out using the EASY%Ro algorithm of [Sweeney and Burnham 1990] 
that allows the calculation of vitrinite reflectance values between 0.3 and 4.5 % VRr. The petroleum 
system is defined by applying special properties to the geological layers. For the source rock 
sequences, the content of organic matter (TOC) and quality (HI) have to be defined together with 
reaction kinetic parameters for the thermal cracking to light and heavier petroleum components.  
Once the paleotemperatures are well modeled and calibrated, equations for chemical kinetics can be 
used to evaluate petroleum generation. The calculation of hydrocarbon generation is based on the 
concept of parallel first order thermal cracking reactions. The respective kinetic values used for 
hydrocarbon generation are those of [Pepper and Corvi 1995 a]. For kerogen types I and II (Figures 
7.5 to 7.8), the kerogen–oil reaction is the main process, while for kerogen type III (Figures 7.5 to 
7.8) kerogen to gas reactions predominate.  
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Table  7.1: Summarized source rock assessment for the wells addressed through the research. 
Well TVDSS K VRr S1 S2 S3 TOC Ro% HI OI Tmax H Lithology Zone 
2245 II - 0.33 4.12 1.17 0.98 0.52 472 77 428 10 SHALE AR-G-S1 
2785 III - 0.96 6.27 1.79 1.81 0.63 346 99 429 6.6 SHALEcoal KHT-S1 2-1 
3358 II-III - 5.11 3.27 2.3 1.32 0.73 248 174 433 7.5 SHALEcoal DAH-S1 
3191 I-II - 0.87 16.96 1.77 2.5 0.67 678 71 426 20.8 LIMESTONE AR-F-S1 
3333 II - 0.33 4.12 1.17 0.98 0.7 472 77 428 19.5 SHALE AR-G-S1 3-3 
3532 II-III 0.77a 0.42 5.24 1.58 2.17 0.74 241 73 441 13.7 SHALE BAH-S2 
3470 II-III - 0.36 2.24 1.03 0.87 0.72 275 118 435 23.3 SHALEsilt BAH-S2 
3-4 
3630 II-III - 0.86 4.25 0.99 1.48 0.75 305 67 431 37.5 SHALE KHT-S1 
3-10 3170 I-II - 0.87 16.96 1.77 2.5 0.66 678 71 426 15 LIMESTONE AR-F-S1 
17-1 2800 I-II - 0.75 15.84 1.05 2.67 0.62 593 39 428 35.4 LIMESTONE AR-F-S1 
2615 I-II - 0.87 16.96 1.77 1.5 0.59 678 71 426 18.3 LIMESTONE AR-F-S2 
3130 II-III 0.71a 0.96 6.27 1.79 3.0 0.67 346 99 429 12.7 SHALE KHT-S1 
3863 II-III 0.86a 5.11 3.27 2.3 1.8 0.82 248 174 433 25.3 SHALE DAH-S 
1-1 
3899.3 II - 6.58 3.75 1.37 1.4 0.83 223 82 434 15 SHALE AL-S1 
1998 II - 0.18 5.24 1.62 1.59 0.48 330 102 433 25.5 SHALE KH-B-S1 
2292 II - 0.43 3.42 1.7 0.61 0.52 372 185 434 15 SHALE AR-A-S2 
2456 I-II - 0.87 16.96 1.77 2.5 0.56 678 71 426 21.8 LIMESTONE AR-F-S2 
2562 II - 0.33 4.12 1.17 1.25 0.59 472 77 428 33 SHALE AR-G-S2 
2790 II-III - 0.42 5.24 1.58 2.17 0.63 241 73 441 24.2 SHALEsilt BAH-S4 
4-1 
2976 III - 0.88 6.71 1.74 4.97 0.65 135 35 440 13.4 SHALE KHT-S3 
5-1 3175 II-III 0.63b 1.11 10.78 0.66 4.7 0.68 229 14 439 13.3 SHALE BAH-S3 
7-1 2750 II - 0.33 4.12 1.17 1.25 0.62 472 77 428 32.5 SHALEsilt AR-G-S2 
TVDSS: True vertical depth sub-sea level; S1:mg/g; S2:mg/g; S3:mg/g; TOC: Total organic carbon (wt%); EASY%Ro: 
Calculated vitrinite reflectance after [Sweeney and Burnham 1990] (%); HI: Hydrogen Index (mgHC/gTOC); OI: Oxygen Index 
(mgCO2/gTOC); Tmax:degC; h: The true thickness (meter); AR-F-S1: Abu Roash “F” member, organic-rich interval called S1. 
aVitrinite-2, bTellocolinite grading into Desmocollinite. 
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Figure  7.4: The thermal boundary conditions for all wells including the sediment-water interface 
temperature at the top of the model, sides of a sedimentary basin and the paleo-heat flow at the bottom 
must be established to determine the interior temperature field. The tentative paleowater depth is based on 
palynological and foraminiferal analysis of ditch samples for the Cretaceous age [Abd El Kireem et al. 
1996]. Sediment–water interface temperature depends on water depth and paleolatitude is synthesized 
after [Wygrala 1989]. The basal heat flow values are specified for each geologic event using the known 
plate tectonic framework and crustal evolution models [Allen and Allen 1990]. Legend: JR, Jurassic rifting 
phase (Early Kimmerian Orogenic); CR, Cretaceous rifting phase (Late Kimmerian Orogenic); LH, 
Laramide Hiatus (Syrian Arc System); PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines 
represent the era boundaries from left to right: Paleozoic; Mesozoic; and Cenozoic. 
 
The calculated parameters can be compared with measured data so that the thermal model can be 
calibrated (Figures 7.9-7.10). If necessary, the conceptual model is adjusted or modified to lead to a 
better match between simulation and calibration data. The 1D models were established using 
modeling software (PetroMod® V.10.0 SP3) developed by IES (Aachen, Germany).  
7.6 RESULTS AND DISCUSSION 
Evaluations of source rock intervals were based on well logging interpretations and calibration with 
comprehensive geochemical reports and maturity data for certain wells, in order to distinguish source 
rocks from non-source rock intervals. The composite time scale of [Harland et al. 1990] that includes 
the geological records from the Cambrian to the present time was used for chronostratigraphic 
subdivisions. The thermal modeling procedures include the reconstruction of the present-time 
temperature regime and the temperature history evaluation (Figures 7.11 and 7.12). Bottom-Hole 
Temperature (BHTs) were used to estimate the present day temperature of the control wells 
addressed throughout the research (Figures 7.9-7.10). Maturity calculation was carried out using the  
EASY%Ro algorithm of [Sweeney and Burnham 1990] (Figures 7.13-7.16). The calculation of 
hydrocarbon generation was based on the concept of parallel first order thermal cracking reactions. 
The respective kinetic values used for hydrocarbon generation are those of [Pepper and Corvi 1995 a]. 
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Table  7.2: Summary of some established characteristic parameters of lithostratigraphic units in Abu 
Gharadig basin used for modeling. 
Lithology Radiogenic Heat 
Mechanical 
Compaction 
Thermal 
Conductivity 
Heat 
Capacity 
Name U Th K40 Density IP MP 20°C 100°C 20°C 100°C 
 ppm ppm % Kg m-3 Untiless W m-1  K-1 Kcal kg-1  K-1 
Sandstone (typical)* 1.3 3.5 1.3 2720 0.41 0.01 3.95 3.38 0.204 0.236 
Sandstone (clay rich)* 1.5 5.1 3.6 2760 0.4 0.01 3.35 2.95 0.206 0.238 
Sandstone (clay poor)* 0.7 2.3 0.6 2700 0.42 0.01 5.95 4.85 0.196 0.226 
Sandstone (quartzite, typical)* 0.6 1.8 0.9 2640 0.42 0.01 6.15 5 0.213 0.246 
Sandstone (subarkose, dolomite rich)* 0.9 2.7 0.9 2710 0.4 0.01 4.1 3.49 0.201 0.232 
Sandstone (arkose, clay poor)* 2 7 1 2710 0.39 0.01 4 3.42 0.2 0.231 
Shale (typical)* 3.7 12 2.7 2700 0.7 0.01 1.64 1.69 0.206 0.238 
Shale (organic lean, typical)* 3.7 12 2.7 2700 0.7 0.01 1.7 1.74 0.206 0.238 
Shale (organic lean, sandy)* 2.8 11 2.5 2700 0.65 0.01 1.84 1.84 0.206 0.238 
Shale (organic lean, silty)* 3 11 2.6 2700 0.67 0.01 1.77 1.79 0.206 0.238 
Shale (organic lean, siliceous, typical)* 2 4.5 2 2710 0.7 0.01 1.9 1.88 0.206 0.238 
Shale (black) 19 11 2.5 2500 0.7 0.01 0.9 1.15 0.225 0.26 
Shale (organic rich, typical)* 5 12 2.8 2600 0.7 0.01 1.25 1.41 0.215 0.248 
Shale (organic rich, 3% TOC)* 5 12 2.8 2610 0.7 0.01 1.45 1.55 0.21 0.243 
Shale (organic rich, 8% TOC)* 10 11 2.9 2500 0.7 0.01 1.2 1.37 0.215 0.248 
Siltstone (organic lean)* 2 5 1 2720 0.55 0.01 2.05 1.99 0.217 0.251 
Siltstone (organic rich, typical) 2 5 1 2710 0.55 0.01 2.01 1.96 0.225 0.26 
Conglomerate (typical) 1.5 4 2 2700 0.3 0.01 2.3 2.18 0.196 0.226 
Anhydrite* 0.1 0.3 0.4 2970 0.01 0.01 6.3 5.11 0.179 0.207 
Chert 1 1 0.7 2650 0.45 0.01 4.8 4.01 0.213 0.246 
Gypsum 0.08 0.2 0.3 2320 0.01 0.01 1.5 1.59 0.263 0.304 
Halite 0.02 0.01 0.1 2200 0.01 0.01 6.5 5.25 0.206 0.238 
Chalk (typical) 1.9 1.4 0.25 2680 0.7 0.01 2.9 2.62 0.203 0.234 
Coal (pure) 1.5 3 0.55 1600 0.76 0.01 0.3 0.71 0.311 0.359 
Kerogen 100 0 0 1100 0.76 0.01 1 1.22 0.002 0.002 
Limestone (ooid grainstone)* 1 1 0.2 2740 0.35 0.01 3 2.69 0.2 0.231 
Limestone (shaly)* 2 4 1 2730 0.48 0.01 2.3 2.18 0.203 0.234 
Limestone (organic rich - typical) 5 1.5 0.26 2680 0.51 0.01 2 1.96 0.202 0.233 
Limestone (organic rich - 1-2% TOC)* 2.5 1.7 0.27 2710 0.51 0.01 2.63 2.42 0.201 0.232 
Limestone (Chalk, 95% calcite)* 1.9 1.4 0.25 2680 0.7 0.01 2.9 2.62 0.198 0.229 
Limestone (Chalk, 75% calcite)* 1.9 1.4 0.25 2680 0.67 0.01 2.65 2.43 0.201 0.232 
Marl 2.5 5 2 2700 0.5 0.01 2 1.96 0.203 0.234 
Dolomite (typical)* 0.8 0.6 0.4 2790 0.35 0.01 4.2 3.57 0.206 0.238 
Basalt (normal) 0.9 2.7 0.8 2870 0.01 0.01 1.8 1.81 0.191 0.221 
Gabbro 0.25 0.8 0.5 2870 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (150 Ma old) 6.5 17 5.7 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (500 Ma old)* 4.5 15 4.5 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granite (> 1000 Ma old) 4 13.5 3.5 2650 0.01 0.01 2.6 2.4 0.191 0.221 
Granodiorite 2.3 9.3 2.8 2720 0.03 0.03 2.6 2.4 0.174 0.201 
Gneiss 2.1 9.7 2.2 2740 0.01 0.01 2.9 2.62 0.22 0.254 
*Actual used lithologies for the used model. IP: Initial Porosity. MP: Minimum Porosity. 
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Figure  7.5: Van Krevelen diagram showing maturation pathways from Type I to IV kerogen as traced by 
changes in Hydrogen index and Oxygen index of the encountered organic-rich interval for all samples 
addressed throughout the research. Kerogens subjected to increasing thermal stress move toward the 
lower left corner. Circle diameter in relation with the TOC values. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.6: Changing in Tmax with increasing maturity based on all analyses made by BAPETCO. 
Immature samples show a wide variability due to difference in organic matter type. The organic matter for 
Cretaceous section is varying from type II-III. The source capacities are indicated by the TOC values. 
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Figure  7.7: Plot of Tmax versus HI and TOC for the samples studied. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.8: Plot of S2 pyrolytic yield versus TOC for the samples studied. 
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Figure  7.9: Abbreviated geochemical log for ditch cuttings of the encountered organic-rich intervals in BED 
2-1 and BED 3-3 wells, based on Rock-Eval Pyrolysis, TOC, and vitrinite reflectance. Vitrinite reflectance-
depth plot showing the generalized position of the oil and gas zones, which will vary depending on kerogen 
type. These Ro values are related to the maximum temperature to which a particular zone has been 
exposed. 
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Figure  7.10: Abbreviated geochemical log for ditch cuttings of the encountered organic-rich intervals in SIT 
1-1 and SIT 4-1 wells, based on Rock-Eval Pyrolysis, TOC, and vitrinite reflectance. Vitrinite reflectance-
depth plot showing the generalized position of the oil and gas zones, which will vary depending on kerogen 
type. These Ro values are related to the maximum temperature to which a particular zone has been 
exposed. 
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Figure  7.11: Quantitative simulated geohistory, burial history and recalibrated temperature development 
history as a function of time and space of the reference BED 2-1 and BED 3-3 wells using the 
paleotemperature determined by the Easy%Ro approach. The solid lines trace the depth-time relation for 
the sediment with discrepancy between present (compacted) and decompacted thickness. Note that an 
irregular heat flow history is required to achieve a best fit between measured and calculated vitrinite 
reflectance values. The lower curve shows subsidence of the basement. The upper curves are sea-level 
and the sediment interface (also showing age-controlling point).  
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Figure  7.12: Quantitative simulated geohistory, burial history and recalibrated temperature development 
history as a function of time and space of the reference SIT 1-1 and SIT 4-1 wells using the 
paleotemperature determined by the Easy%Ro approach. The solid lines trace the depth-time relation for 
the sediment with discrepancy between present (compacted) and decompacted thickness. Note that an 
irregular heat flow history is required to achieve a best fit between measured and calculated vitrinite 
reflectance values. The lower curve shows subsidence of the basement. The upper curves are sea-level 
and the sediment interface (also showing age-controlling point).  
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Figure  7.13: Quantitative simulated geohistory, burial history as a function of time and space of the 
reference BED 2-1 and BED 3-3 wells using the paleotemperature determined by the Easy%Ro approach. 
The solid lines trace the depth-time relation for the sediment with discrepancy between present 
(compacted) and decompacted thickness. Note that an irregular heat flow history is required to achieve a 
best fit between measured and calculated vitrinite reflectance values. The lower curve shows subsidence 
of the basement. The upper curves are sea-level and the sediment interface (also showing age-controlling 
point).  
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Figure  7.14: Quantitative simulated geohistory, burial history as a function of time and space of the 
reference SIT 1-1 and SIT 4-1 wells using the paleotemperature determined by the Easy%Ro approach. 
The solid lines trace the depth-time relation for the sediment with discrepancy between present 
(compacted) and decompacted thickness. Note that an irregular heat flow history is required to achieve a 
best fit between measured and calculated vitrinite reflectance values. The lower curve shows subsidence 
of the basement. The upper curves are sea-level and the sediment interface (also showing age-controlling 
point).  
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Figure  7.15: Simulated burial history at locations BED 2-1 and BED 3-3 wells, with maturity overlay using 
the Easy%Ro algorithm [Sweeney and Burnham 1990] against geologic time scale (Ma).  
 
 
 
 
 
RWTH-Aachen University⎪Thermal Maturity Evaluation of Cretaceous Clastic Organic Rich Intervals; Results of 1D Basin 
Modeling Study, Abu Gharadig basin, Egypt⎪2008 
Institute Of Geology And Geochemistry Of Petroleum And Coal⎪Results and Discussion⎪187 
Formation
Moghra
Dabaa
Apollonia
Khoman
Abu Roash
Bahariya
Kharita
Shaltut
Betty
Massajid
Khatatba
Wadi Natrun
Bahrein
Safi
Disouqy
Zeitoun
Kohla
Shifah
Basement
10000
8000
6000
4000
2000
0
Formation
Moghra
Dabaa
Apollonia
Khoman
Abu Roash
Bahariya
Kharita
Shaltut
Betty
Massajid
Khatatba
Wadi Natrun
Bahrein
Safi
Disouqy
Zeitoun
Kohla
Shifah
Basement
10000
8000
6000
4000
2000
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.16: Simulated burial history at locations SIT 1-1 and SIT 4-1 wells, with maturity overlay using the 
Easy%Ro algorithm [Sweeney and Burnham 1990] against geologic time scale (Ma).  
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7.6.1 Khoman “B” member 
7.6.1.1 Burial history 
The burial history of the Khoman “B” member represents a time-depth history (Figure 7.17), which 
shows the main features of deposition in the Abu Gharadig Basin. Khoman “B” member sediments 
were deposited during Campanian-Maastrichtian age (~84.64 Mabp). Its history consisted of continual 
deposition at relatively uniform rates. During Late Cretaceous times, tectonic activity increased 
drastically with a higher rate of displacement along the already existing faults, sometimes associated 
with lateral displacement [Macgregor 1998]. The Cretaceous-Tertiary tectonic activity corresponds to 
the EARLY ALPINE OROGENIC Phase, namely LARAMIDE tectonic events (~69.1-65 Mabp), and 
resulted in elevation and folding along an east–northeast west-southwest SYRIAN ARC SYSTEM and in 
the development of faults of considerable displacements [Hantar 1990]. The Khoman “B” member 
sediments were raised to a shallower depth (990 m at SIT 4-1) and subjected to a period of erosion 
(Figure 7.17). By the advent of the Late Paleocene (~56.5 Mabp) tectonic instability, characterized by 
active subsidence, resulted in a deposition of thick deep marine sediments of the Apollonia Formation 
(~56.5-39.6 Mabp). The Khoman “B” member reached a depth of 1048m (SIT 4-1 well). By Middle-
Late Eocene transition times a brief, strong event (~39.6-37 Mabp) occurred, called PYRENEAN, which 
resulted in the EOCENE INVERSION PHASE. Many ~E-W striking extensional faults were reactivated as 
reverse faults in northern Egypt [El Toukhy et al. 1998]. The Khoman “B” member was uplifted to a 
depth 1992m (SIT 4-1 well). During Middle Miocene (~18 Mabp) Khoman “B” member reached its 
maximum burial depths 2197m (SIT 4-1 well). The present day depth of the Khoman “B” member is 
2015m met at SIT 4-1 well (Figure 7.17). 
7.6.1.2 Maturity and hydrocarbon generation 
The organic-rich interval, Khoman “B” member, is reported for an interval of 25m thickness, at the 
southern part of the area at SIT 4-1 well. It is characterized by a TOC value of ~1.59 wt% and by 
early-mature type II kerogen (Figures 7.5-7.8) assigned to a shale sequence of deep marine 
depositional environment. It has an excellent potential to generate liquid hydrocarbons. The hydrogen 
index is 330 mgHC/gTOC, S2 is 5.24 mg/g rock and oxygen index is 102 mgCO2/gTOC (Table 7.1). 
The bulk generation rate increased after the Eocene inversion phase from 0.09 mgHC/gTOC/My to a 
peak of 0.65 mgHC/gTOC/My (~26.3 Mabp Late Oligocene) and then deceased to a present-day value 
of 0.08 mgHC/gTOC/My (Figure 7.18). There is a marked peak during the Middle Miocene with an 
increased generation rate of 0.51 mgHC/gTOC/My. By contrast, the transformation ratio reaches a 
maximum value of 3.24% at the present day (Figure 7.18). This is due to the deposition of the post-
Oligocene sediments of Dabaa and Moghra formations. The Khoman “B” member source contains 
Type II kerogen that is highly oil prone. The source rock did not enter the oil windows (Figure 7.21). 
The present-day vitrinite reflectance values based on the calculation of [Sweeney and Burnham 1990] 
in association with the present day depth led to an increase in the vitrinite reflectance values to 
0.54% at SIT 4-1 well (Figures 7.13-7.16). This means that the source rock will have to be buried to 
greater depths in the area to generate oil, all other factors being the same. The present-day simulated 
vitrinite reflectance value 0.54% at SIT 4-1well corresponds to a temperature of 77.5°C (Figure 7.19). 
All generated hydrocarbons accumulated in the source rock with no expulsion (Figure 7.20). 
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Figure  7.17: Simulated burial history of Khoman “B” member, with the hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation for type II kerogen of [Pepper and Corvi 1995 a] for the source 
interval of Khoman “B” member, through geologic time scale (Ma). Legend: CU, Cenomanian 
unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active 
subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries 
from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent 
 
 
 
 
 
 
 
 
 
Figure  7.18: Plot or the transformation ratio (percent) and the bulk generation rate (mgHC/gTOC/MY) for 
Khoman “B” member. Legend: CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide 
Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical 
grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; 
Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
Figure  7.19: Simulated vitrinite reflectance value and the associated thermal history of Khoman “B” 
member.  The vitrinite reflectance was calculated using the Easy%Ro algorithm [Sweeney and Burnham 
1990] and temperature profile against geologic time scale (Ma). The source rock interval of (Khoman “B” 
member) is mature with medium oil generation capacities. Legend: CU, Cenomanian unconformity; SU, 
Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean 
Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries from left to right: 
Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
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Figure  7.20: Total generated HC mass (MTons) and total expelled mass (Mtons). Legend: CU, 
Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, 
Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.21: Simulated burial history at location SIT 4-1 well with the Hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source interval of Khoman 
“B” member through geologic time scale (Ma). 
 
7.6.2 Abu Roash “A” member 
7.6.2.1 Burial history 
The burial history of the Abu Roash “A” member represents a time-depth history (Figure 7.22), that 
shows the main features of deposition in the Abu Gharadig Basin. Abu Roash “A” member sediments 
were deposited during Coniacian-Santonian age (~89.9 Mabp). Its history consisted of continual 
deposition at relatively uniform rates. During Late Cretaceous times, tectonic activity increased 
drastically with a higher rate of displacement along the already existing faults, sometimes associated 
with lateral displacement [Macgregor 1998]. The Cretaceous-Tertiary tectonic activity corresponds to 
the EARLY ALPINE OROGENIC Phase, namely LARAMIDE tectonic events (~69.1-65 Mabp), and 
resulted in elevation and folding along an east–northeast west-southwest SYRIAN ARC SYSTEM and in 
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the development of faults of considerable displacements [Hantar 1990]. The Abu Roash member 
sediments were raised to a shallower depth (1296m at SIT 4-1) and subjected to a period of erosion 
(Figure 7.22). By the advent of the Late Paleocene (~56.5 Mabp) tectonic instability, characterized by 
active subsidence, resulted in a deposition of thick deep marine sediments of the Apollonia Formation 
(~56.5-39.6 Mabp). The Abu Roash “A” member reached a depth of 1535m (SIT 4-1 well). By Middle-
Late Eocene transition times a brief, strong event (~39.6-37 Mabp) occurred, called PYRENEAN, which 
resulted in the EOCENE INVERSION PHASE. Many ~E-W striking extensional faults were reactivated as 
reverse faults in northern Egypt [El Toukhy et al. 1998]. The Abu Roash “A” member was uplifted to a 
depth 1588m (SIT 4-1 well). During Middle Miocene (~ 18 Mabp) Abu Roash “A” member reached its 
maximum burial depths 2479m (at SIT 4-1 well). The present day depth of the Abu Roash “A” 
member is 2298m met at SIT 4-1 well (Figure 7.22). 
7.6.2.2 Maturity and hydrocarbon generation 
The organic-rich interval, Abu Roash “A” member, reported for an interval of 15m thickness, at the 
south part of the area at SIT 4-1 well. It characterized by a TOC value of ~0.61wt% and by mature 
type II kerogen (Figures 7.5-7.8), assigned to a shale sequence of marine environment. It is a 
generative potential to generate liquid hydrocarbons. The hydrogen index is 372 mgHC/gTOC and 
high oxygen index is 185 mgCO2/gTOC, indicates a good potential source rock (Table 7.1). The 
maximum bulk generation rate is 2.07 mgHC/gTOC/My (Figure 7.23). The bulk generation rate 
increased after the Eocene inversion phase from 0.5 mgHC/gTOC/My to a peak of 2.07 
mgHC/gTOC/My at (26.3 Mabp Late Oligocene) and then deceased to a present-day value of 0.19 
mgHC/gTOC/My. By contrast, the transformation ratio stared with 1.59% at the begging of Oligocene 
and continued to reach a maximum value of 9.71% at the present day (Figure 7.23) because of the 
deposition of the post-Oligocene sediments of Dabaa and Moghra formations. The Abu Roash “A” 
member source contains Type II kerogen that is highly oil prone. The source rock entered the oil 
windows, at depth 2363 m, close to the Middle Miocene (Langhian ~16.31 Mabp). This oil windows 
generation depth is reached after the maximum burial depth of 2479m close to the Middle Miocene 
(Burdigalian ~17 Mabp) (Figures 7.22 and 7.26). The present-day depth of the Abu Roash “A” 
member is also in the range in which a single-phase fluid (medium oil) might be expected. 
The present-day vitrinite reflectance values based on the calculation of [Sweeney and Burnham 1990] 
in association with the present day depth, (Figures 7.13-7.16), shows an increase in the vitrinite 
reflectance values to 0.62% at SIT 4-1 well. This means that the source rock will have to be buried to 
greater depths in the area to generate oil, all other factors being the same.  
The present-day simulated vitrinite reflectance value 0.62% at SIT 4-1 well corresponds to a 
temperature range of 86.25 °C at SIT 4-1 well (Figure 7.24). The liquid windows vitrinite reflectance is 
0.61%, which reached at (~16.31 Ma) at a temperature of 92.79°C. Whereas in SIT concession the 
0.54 encountered at (~36.99 Ma) at SIT 4-1 well at temperature 88°C (Figure 7.24). All generated 
hydrocarbons accumulated in the source rock with no expulsion (Figure 7.25).  
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Figure  7.22: Simulated burial history of Abu Roash “A” member, with the hydrocarbon zone properties 
overlay according to the oil-gas kinetics equation for type II kerogen of [Pepper and Corvi 1995 a] for the 
source interval of Abu Roash “A” member, through geologic time scale (Ma). Legend: CU, Cenomanian 
unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active 
subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries 
from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
Figure  7.23: Plot or the transformation ratio (percent) and the bulk generation rate (mgHC/gTOC/MY) for 
Abu Roash “A” member. Legend: CU, Cenomanian unconformity; SU, Santonian unconformity; LH, 
Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The 
vertical grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; 
Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
Figure  7.24: Simulated vitrinite reflectance value and the associated thermal history of Abu Roash “A” 
member.  The vitrinite reflectance was calculated using the Easy%Ro algorithm [Sweeney and Burnham 
1990] and temperature profile against geologic time scale (Ma). The source rock interval of (Abu Roash 
“A” member) is mature with medium oil generation capacities. Legend: CU, Cenomanian unconformity; SU, 
Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean 
Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries from left to right: 
Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
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Figure  7.25: Total generated HC mass (MTons) and total expelled mass (Mtons). Legend: CU, 
Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, 
Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.26: Simulated burial history at location SIT 4-1 well with the Hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source interval of Abu 
Roash “A” member through geologic time scale (Ma). 
 
7.6.3 Abu Roash “G” member 
7.6.3.1 Burial history 
The burial history of the Abu Roash “G” member represents a time-depth history (Figure 7.27), from 
deposition to commonly present day. Abu Roash “G” member sediments were deposited during Late 
Cenomanian age (~96.2 Mabp). During Late Cretaceous times, tectonic activity increased drastically 
with a higher rate of displacement along the already existing faults, sometimes associated with lateral 
displacement [Macgregor 1998]. The Cretaceous-Tertiary tectonic activity corresponds to the EARLY 
ALPINE OROGENIC Phase, namely LARAMIDE tectonic events (~69.1-65 Mabp) and resulted in 
elevation and folding along an east–northeast west-southwest SYRIAN ARC SYSTEM and in the 
development of faults of considerable displacements [Hantar 1990]. The Abu Roash “G” member 
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sediments were raised to a shallower depth in the range of 1517m at BED 2-1 well to 2104m BED 3-3 
well, and subjected to a period of erosion (Figure 7.27). By the advent of the Late Paleocene (~56.5 
Mabp) tectonic instability, characterized by active subsidence, resulted in a deposition of thick deep 
marine sediments of the Apollonia Formation (~56.5-39.6 Mabp). The Abu Roash “G” member 
reached a depth of 1800m (BED 2-1 well) to 2598m (BED 3-3 well). By Middle-Late Eocene transition 
times a brief, strong event (~39.6-37 Mabp) occurred, called PYRENEAN, which resulted in the 
EOCENE INVERSION PHASE. Many ~E-W striking extensional faults reactivated as reverse faults in 
northern Egypt [El Toukhy et al. 1998]. The Abu Roash “G” member was uplifted to a depth 1634m 
(BED 2-1 well) and 2478m (BED 3-3 well). During Middle Miocene (~18 Mabp) Abu Roash “G” 
member reached burial depths which range between 2400m (BED 2-1 well) to 3483m (BED 3-3 well). 
The maximum burial of the Abu Roash “G” member, varies in depth with a minimum burial depth 
recorded at 2406m (~17 Ma) meter below sea level at BED 2-1 well, the maximum burial depth of 
Abu Roash “G” member, is 3488m (~17 Ma) meter, at BED 3-3 well. The present day depth of the 
Abu Roash “G” member ranges between 2250m met at BED 2-1 well to the deepest values at 3343m 
BED 3-3 well (Figure 7.27). 
7.6.3.2 Maturity and hydrocarbon generation 
The organic-rich interval, Abu Roash “G” member, is reported in four wells (BED 2-1, BED 3-3, SIT 4-1 
and SIT 7-1 well) for an interval of 10-33m thickness, at BED 2-1 and SIT 4-1 well, respectively (Table 
7.1). It contains high TOC values of ~0.98-1.25 wt% in BED and SIT concession, respectively. It 
characterized by immature (BED 2-1 and SIT 4-1 well) to early mature (BED 3-3 and SIT 7-1 well) 
type II kerogen (Figures 7.5-7.8) assigned to a shale sequence that deposited under shallow marine 
environment, and with a great capacities to generate liquid hydrocarbons. This potential is only partly 
confirmed by the Rock-Eval pyrolysis with Hydrogen index 472 mgHC/gTOC. The high hydrogen 
contents and far less oxygen index 77 mgCO2/gTOC because they were formed from oxygen-poor lipid 
material (Table 7.1). The maximum bulk generation rate ranges from 3.42 mgHC/gTOC/My to 3.56 
mgHC/gTOC/My (Figure 7.28). The Abu Roash “G” member source contains Type II kerogen that is 
highly oil prone. The source rock in BED concession, especially at BED 3-3 well, entered the oil 
windows close to the Middle Miocene (~40.81 Mabp), whilst in SIT concession, SIT 7-1 well, is 
recently being within the oil windows (~22.73 Mabp, Early Miocene Eocene). The oil windows depths 
range between 2434m (~40.81 Ma) to 2699m (~22.73) at BED 3-3 well and SIT 7-1 well respectively 
(Figures 7.27, 7.31 and 7.32). In BED concession the oil generation windows after both the Syrian Arc 
system tectonic events and deposition of Apollonia Formation and before both the inversion and the 
maximum burial. By contrast, at SIT 7-1 well, the oil generation windows after the inversion phase 
and after the deposition of Moghra Formation. The present-day depth of the BED and SITRA prospect 
is also in the range in which a single-phase fluid (medium oil) might be expected. The present-day 
vitrinite reflectance values based on the calculation of [Sweeney and Burnham 1990] in association 
with the present day depth, (Figure 7.13-7.16), shows an increase in the vitrinite reflectance values 
from 0.64% at BED 2-1 well to 0.79% at BED 3-3 well. This means that the source rock will have to 
be buried to greater depths in the area that show lower vitrinite reflectance values to generate 
equivalent amount of oil, all other factors being the same. The present-day simulated vitrinite 
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reflectance values range between 0.64% BED 2-1 well to 0.79% at BED 3-3 well corresponds to a 
temperature range of 86°C at BED 2-1 well to 111°C at BED 3-3 well (Figure 7.29). The liquid 
windows vitrinite reflectance is 0.7% reached at a temperature of 105°C. The present day 
transformation ratio ranges between 2.41 % at BED 2-1 to 23.38% at BED 3-3 well (Figure 7.28). 
The maximum bulk generation rate ranges between 3.42 mgHC/gTOC/My (~26.3Ma) at SIT 7-1 well 
to 3.56 mgHC/gTOC/My (~26.3 Ma) BED 3-3 well (Figure 3.28). These values reached after the 
inversion phase and after the deposition of Moghra Formation. The corresponding transformation ratio 
was in the range of 6.34% at SIT 7-1 well to 16.3 % at BED 3-3 well. These values decreased due to 
Styrian Hiatus of Middle Miocene age (Figure 7.28). There is no expulsion of the generated 
hydrocarbon (Figure 7.30). The present-day bulk generation ranges between 0.05 HC mass Mtons at 
BED 2-1 well to 0.49 HC mass Mtons at BED 3-3 well (Figure 7.30). The bulk generation rate at oil 
windows was in the range of 1.92 mgHC/gTOC/My. The Bulk generation rate has an anomalous peak 
value of 3.14 mgHC/gTOC/My at BED 3-3 well (~59 Mabp Late Paleocene with 4.9% transformation 
ratio) which is related to Syrian Arc System tectonic and decreased to 0.41 mgHC/gTOC/My due to the 
active subsidence of Early Eocene (Figure 7.28). The present-day total generation range between 0.02 
HC mass Mtons at SIT 4-1 well and 0.05 HC mass Mtons at BED 3-3 well. The total generated 
hydrocarbon ranges between 10.87% (0.07% Dry gas and 10.80% medium oil at SIT 7-1 well) and 
23.15% (0.57% Dry gas and 22.58% Medium oil at BED 3-3 well). The entire generated hydrocarbon 
is accumulated in the source (adsorbed by the organic matter). The remaining potential ranges 
97.59% at BED 2-1 well and 76.61% at BED 3-3 well. Most of the generated hydrocarbon generated 
by the primary cracking and very limited amount due to secondary cracking reactions. At BED 3-3 well 
the hydrocarbon is mainly of medium oil in phase.  
 
 
 
 
 
 
 
 
 
 
 
Figure  7.27: Simulated burial history of Abu Roash “G” member, with the hydrocarbon zone properties 
overlay according to the oil-gas kinetics equation for type II kerogen of [Pepper and Corvi 1995 a] for the 
source interval of Abu Roash “G” member, through geologic time scale (Ma). Legend: CU, Cenomanian 
unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active 
subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries 
from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
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Figure  7.28: Plot or the transformation ratio (percent) and the bulk generation rate (mgHC/gTOC/MY) for 
Abu Roash “G” member. Legend: CU, Cenomanian unconformity; SU, Santonian unconformity; LH, 
Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The 
vertical grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; 
Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
Figure  7.29: Simulated vitrinite reflectance value and the associated thermal history of Abu Roash “G” 
member. The vitrinite reflectance was calculated using the Easy%Ro algorithm [Sweeney and Burnham 
1990] and temperature profile against geologic time scale (Ma). The source rock interval of (Abu Roash 
“G” member) is mature with medium oil generation capacities. Legend: CU, Cenomanian unconformity; 
SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, 
Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries from left to right: 
Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.30: Total generated HC mass (MTons) and total expelled mass (Mtons). Legend: CU, 
Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, 
Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
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Figure  7.31: Simulated burial history at location BED 3-3 and BED 2-1 wells  with the Hydrocarbon zone 
properties overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source 
interval of Abu Roash “G” member through geologic time scale (Ma). 
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Figure  7.32: Simulated burial history at location SIT 4-1 well with the Hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source interval of Abu 
Roash “G” member through geologic time scale (Ma). 
 
7.6.4 Bahariya Formation 
7.6.4.1 Burial history 
The burial history of the Bahariya Formation represents a time-depth history (Figure 7.33), from 
deposition to commonly present day. Bahariya Formation sediments were deposited during Middle 
Cenomanian age (~98.9 Mabp). Its history consisted of continual deposition at relatively uniform 
rates. During Late Cretaceous times, tectonic activity increased drastically with a higher rate of 
displacement along the already existing faults, sometimes associated with lateral displacement 
[Macgregor 1998]. The Cretaceous-Tertiary tectonic activity corresponds to the EARLY ALPINE 
OROGENIC Phase, namely LARAMIDE tectonic events (~69.1-65 Mabp) and resulted in elevation and 
folding along an east–northeast west-southwest SYRIAN ARC SYSTEM and in the development of 
faults of considerable displacements [Hantar 1990]. The Bahariya Formation sediments were raised to 
a shallower depth in the range of (1824m at SIT 4-1 and 2320m BED 3-4) and subjected to a period 
of erosion (Figure 7.33). By the advent of the Late Paleocene (~56.5 Mabp) tectonic instability, 
characterized by active subsidence, resulted in a deposition of thick deep marine sediments of the 
Apollonia Formation (~56.5-39.6 Mabp). The Bahariya Formation reached a depth of 2250m (SIT 4-1 
well) to 2793m (BED 3-3 well). By Middle-Late Eocene transition times a brief, strong event (~39.6-37 
Mabp) occurred, called PYRENEAN, which resulted in the EOCENE INVERSION PHASE. Many ~E-W 
striking extensional faults were reactivated as reverse faults in northern Egypt [El Toukhy et al. 1998]. 
The Bahariya Formation was uplifted to a depth 2108m (SIT 4-1 well) and 2672m (BED 3-3 well). 
During Middle Miocene (~18 Mabp) Bahariya Formation reached burial depths which range between 
2978m (SIT 4-1 well) to 3367 m (BED 3-3 well). The maximum burial of the Bahariya Formation varies 
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in depth with a minimum burial depth recorded at 2983m (~17 Mabp) below sea level at SIT 4-1 well, 
the maximum burial depth 3683m (~17 Mabp) at BED 3-3 well. The present day depth of the 
Bahariya Formation ranges between 2803m met at SIT 4-1 well to the deepest values at 3539m at 
BED 3-3 well (Figure 7.33). 
 
 
 
 
 
 
 
 
 
 
Figure  7.33: Simulated burial history of Bahariya Formation, with the hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation for type II-III kerogen of [Pepper and Corvi 1995 a] for the source 
interval of Bahariya Formation, through geologic time scale (Ma). Legend: CU, Cenomanian unconformity; 
SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, 
Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries from left to right: 
Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
7.6.4.2 Maturity and hydrocarbon generation 
The organic-rich interval, Bahariya Formation, reported for interval thicknesses between 13.3m at SIT 
5-1 well and 24.2m at the southern well SIT 4-1. The TOC values range from lean with 0.87wt% at 
BED 3-4 well which are too low to be a hydrocarbons source to a good source rock with TOC values of 
about 4.7wt% at SIT 5-1 well (Table 7.1). It characterized by Early-mature type II and III kerogen 
interval, (Figures 7.5-7.8), assigned to a shale that deposited under shallow marine environment. The 
relatively higher hydrogen index 229–275 mgHC/gTOC and far more oxygen index 14-118 
mgCO2/gTOC at SIT 5-1 well and BED 3-4 well, respectively. This indicates the presence of significant 
amount of oil generative lipid materials and confirm the kerogen as mix type II-III, may be relatively 
oxidized, and considered as gas generative source, a good potential source rocks (Table 7.1). The 
maximum bulk generation rate ranges from 1.37 mgHC/gTOC/My to 3.32 mgHC/gTOC/My (Figure 
7.34). The Bahariya Formation source contains Type II-III kerogen that is highly oil prone and gas 
prone.  
The source rock in BED concession entered the oil windows close to the Early Paleocene (~62 Mabp). 
Whereas SIT concession is recently being within the oil windows (since ~32.93 Mabp Early Oligocene 
at SIT 5-1 and ~22.72 Mabp Early Miocene at SIT 4-1 well Mabp) (Figures 7.33, and 7.37). The oil 
windows range between 2438m (~62 Ma) to 2799m (~22.72) at BED 3-3 well and SIT 4-1 well 
respectively, (before the maximum burial depth reached) (Figure 7.33). The present-day depth of the 
BED, SITRA prospect is also in the range in which a single-phase fluid (medium oil) might be 
expected. The present-day vitrinite reflectance values based on the calculation of [Sweeney and 
Burnham 1990] in association with the present day depth shows, (Figure 7.13-7.16), an increase in 
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the vitrinite reflectance values from 0.73% at SIT 4-1 well to 0.86% at BED 3-3 well. This means that 
the source rock will have to be buried to greater depths in the area that show lower vitrinite 
reflectance values to generate equivalent amount of oil, all other factors being the same. The present-
day simulated vitrinite reflectance values ranges between 0.73% at SIT 4-1 well to 0.86% at BED 3-3 
well corresponds to a temperature range of 101°C at SIT 4-1 well to 117°C at BED 3-3 well (Figure 
3.35). The liquid window vitrinite reflectance is 0.70% that reached at different age and depths 
throughout the area, at a temperature of ~110°C.  
The present day transformation ratio ranges between 11.57% at SIT 4-1 to 36.05 % at BED 3-3 well 
(Figure 7.34). The present-day bulk generation ranges between 0.11 HC mass Mtons at SIT 4-1 well 
to 0.27 HC mass Mtons at BED 3-3 well (Figure 7.36). The bulk generation rate has different phases 
through the geologic time (Figure 7.34). At BED concession it ranges between 3.22-3.32 
mgHC/gTOC/My with transformation ratio between 9.22% and 10.78% at BED 3-4 well and BED 3-3 
well, respectively. These values reached during the Syrian Arc System. Whereas in SIT concession it 
ranges between 1.19 mgHC/gTOC/My and 7.68% at SIT 5-1 well (~32.93 Early Oligocene). In SIT 4-1 
well, the bulk generation rate is 1.1 mgHC/gTOC/My and 8.5% transformation ratio (~22 Mabp Early 
Miocene). These values of SIT concession reached after the inversion phase. Moreover during the Late 
Oligocene and after the deposition of Moghra Formation the bulk generation rate ranges 1.44 
mgHC/gTOC/My at SIT 4-1 and 2.18 mgHC/gTOC/My at BED 3-3 well with the transformation ratios in 
the range of 7.25% and 28.12% at SIT 4-1 well and BED 3-3 well, respectively (Figure 7.34). There is 
no expulsion of the generated hydrocarbon (Figure 7.36). The present day total generation ranges 
between 0.03 HC mass Mtons at SIT 4-1 well and 0.06 HC mass Mtons at BED 3-3 well. The 
generated hydrocarbon ranges between 11.54% (11.46% medium oil and 0.08% dry gas at SIT 4-1 
well) to 35.13% (32.94% medium oil and 2.19% dry gas at BED 3-3 well). The hydrocarbon were 
accumulated in the source rock and adsorbed by the organic matter. The remaining potential of 
Bahariya Formation ranges between 63.94% at BED 3-3 well and 88.43% at SIT 4-1 well. The 
composition of the generated hydrocarbon is mainly of medium oil in BED concession. 
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Figure  7.34: Plot or the transformation ratio (percent) and the bulk generation rate (mgHC/gTOC/MY) for 
Bahariya Formation. Legend: CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide 
Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical 
grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; 
Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
Figure  7.35: Simulated vitrinite reflectance value and the associated thermal history of Bahariya 
Formation.  The vitrinite reflectance was calculated using the Easy%Ro algorithm [Sweeney and Burnham 
1990] and temperature profile against geologic time scale (Ma). The source rock interval of (Bahariya 
Formation) is mature with medium oil generation capacities. Legend: CU, Cenomanian unconformity; SU, 
Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean 
Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries from left to right: 
Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
Figure  7.36: Total generated HC mass (MTons) and total expelled mass (Mtons). Legend: CU, 
Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, 
Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age 
boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
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Figure  7.37: Simulated burial history at location BED 3-3 and SIT 4-1 wells  with the Hydrocarbon zone 
properties overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source 
interval of Bahariya Formation through geologic time scale (Ma). 
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7.6.5 Kharita Formation 
7.6.5.1 Burial history 
The burial history of the Kharita Formation represents a time-depth history (Figure 7.38), from 
deposition to commonly present day. Kharita Formation sediments were deposited during Late Albian 
age (~112.2 Mabp). Its history consisted of continual deposition at relatively uniform rates. During 
Late Cretaceous times, tectonic activity increased drastically with a higher rate of displacement along 
the already existing faults, sometimes associated with lateral displacement [Macgregor 1998]. The 
Cretaceous-Tertiary tectonic activity corresponds to the EARLY ALPINE OROGENIC Phase, namely 
LARAMIDE tectonic events (~69.1-65 Mabp) and resulted in elevation and folding along an east–
northeast west-southwest SYRIAN ARC SYSTEM and in the development of faults of considerable 
displacements [Hantar 1990]. The Kharita Formation sediments were raised to a shallower depth 
(2007m at SIT 4-1 well to 2489m BED 3-4 well) and subjected to a period of erosion (Figure 7.38). By 
the advent of the Late Paleocene (~56.5 Mabp) tectonic instability, characterized by active 
subsidence, resulted in a deposition of thick deep marine sediments of the Apollonia Formation 
(~56.5-39.6 Mabp). Kharita Formation reached a depth of 2355m (BED 2-1 well) to 2932m (BED 3-4 
well). By Middle-Late Eocene transition times a brief, strong event (~39.6-37 Mabp) occurred, called 
PYRENEAN, which resulted in the EOCENE INVERSION PHASE. Many ~E-W striking extensional faults 
reactivated as reverse faults in northern Egypt [El Toukhy et al. 1998]. The Kharita Formation was 
uplifted to a depth 2189m (BED 2-1 well) and 2811m (BED 3-4 well). During Middle Miocene (~18 
Mabp) Kharita Formation reached depths which range between 2947m (at BED 2-1well) to 3794m 
(BED 3-4 well). The maximum burial of the Kharita Formation, varies in depth with a minimum burial 
depth recorded at 2953m (~17 Mabp) below sea level at BED 2-1 well, the maximum burial depth of 
Kharita Formation, is 3799m (~17 Mabp), at BED 3-4 well. The present day depth of the Kharita 
Formation ranges between 2796m met at BED 2-1 well to the deepest values at 3653m BED 3-4 well 
(Figure 7.38). 
7.6.5.2 Maturity and hydrocarbon generation 
The organic-rich interval, Kharita Formation, reported for an interval of 6.6-37.5m thickness. It is 
organically good source rock. It is characterized by a high TOC values of ~1.48-4.97wt% and by 
immature Type III kerogen (SIT 4-1 well) and a mixed  type II and type III kerogen intervals  (BED 2-
1, SIT 1-1 and BED 3-4 well) but Early-mature at  single well, BED 3-4 well, assigned to a shale that 
deposited under fluvio-deltaic environment, and normally considered to generate mainly gas (Figures 
7.5-7.8). At SIT 4-1 well, the hydrogen index is 135 mgHC/gTOC and oxygen index is 35 
mgCO2/gTOC, S2 value of 6.71 mg/g Rock indicates the absence of oil generative lipid materials and 
confirm the kerogen as pure type III, and considered mainly as gas generative interval. Otherwise the 
relatively high hydrogen contents 346 mgHC/gTOC and oxygen index 99 mg CO2/gTOC, BED 2-1 well 
and SIT 1-1 well, because they contain extensive aromatic systems. Whereas at BED 3-4 well, the 
hydrogen index is 305 mgHC/gTOC and low oxygen index is 67 mgCO2/gTOC, indicates the presence 
of oil generative lipid materials and confirm the kerogen as mix type II+III (Table 7.1). The maximum 
bulk generation rate 0.04 mgHC/gTOC/My to 0.36 mgHC/gTOC/My (Figure 7.39). The Kharita 
Formation contains Type II and Type II-III kerogen that is highly oil and gas prone. The source rock 
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in BED 3-4 well is early mature close to the Late Oligocene (~29.24 Mabp) after the starting 
deposition of the Moghra Formation (Figures 7.38, 7.42 and 7.43). The present-day vitrinite 
reflectance values based on the calculation of [Sweeney and Burnham 1990] in association with the 
present day depth, (Figures 7.13-7.16), shows an increase in the vitrinite reflectance values from 
0.76% at BED 2-1well to 0.88% at BED 3-4 well. This means that the source rock will have to be 
buried to greater depths in the area that show lower vitrinite reflectance values to generate equivalent 
amount of hydrocarbon, all other factors being the same.  The present-day simulated vitrinite 
reflectance values range between 0.76% BED 2-1 well to 0.88% at BED 3-4 well correspond to a 
temperature range of 103°C at BED 2-1 well to 117°C at BED 3-4 well (Figure 7.40). The early mature 
vitrinite reflectance is 0.82% which reached at (~29.24 Ma Late Oligocene) BED 3-4 well corresponds 
to a temperature of 124°C, 0.28 mgHC/gTOC/My bulk generation rate and 1.62%% transformation 
ratio (Figure 7.39). The present day transformation ratio is 3.34% at BED 3-4 well. The maximum bulk 
generation rate is 0.36 mgHC/gTOC/My (~26.3Ma) at BED 3-4 well (Figure 7.39), the present-day 
bulk generation is 0.06 HC mass Mtons at BED 3-4 well (Figure 7.41). There is no expulsion of the 
generated hydrocarbon (Figure 7.41). The total generated hydrocarbon is 0.01 HC mass Mtons. The 
bulk generation rate at BED 3-4 has different phases that related to basin evolution and burial history. 
The maximum bulk generation rate value is 0.36 mgHC/gTOC/My during the Late Oligocene and 
related to the deposition of the Moghra Formation (Figure 7.39). It decreased to 0.1 mgHC/gTOC/My 
during Late Miocene as an effect of uplift known as Styrian Hiatus. On the other hand, generation 
stopped since Late Miocene at SIT 4-1 well (Figure 7.39). The remaining potential ranges between 
96.66% at BED 3-4 well and 99.47% at BED 2-1 well. The hydrocarbon is generated by primary 
generation and accumulated in the source rock, i.e. adsorbed by the organic matter. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.38: Simulated burial history of Kharita Formation, with the hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation for type II-II kerogen of [Pepper and Corvi 1995 a] for the source 
interval of Kharita Formation, through geologic time scale (Ma). Legend: CR, Cretaceous rifting phase 
(Late Kimmerian Orogenic); CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide 
Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical 
grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; 
Miocene; Pliocene; and recent. 
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Figure  7.39: Plot or the transformation ratio (percent) and the bulk generation rate (mgHC/gTOC/MY) for 
Kharita Formation. Legend: CR, Cretaceous rifting phase (Late Kimmerian Orogenic); CU, Cenomanian 
unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active 
subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries 
from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
Figure  7.40: Simulated vitrinite reflectance value and the associated thermal history of Kharita Formation.  
The vitrinite reflectance was calculated using the Easy%Ro algorithm [Sweeney and Burnham 1990] and 
temperature profile against geologic time scale (Ma). The source rock interval of (Kharita Formation) is 
mature with medium oil generation capacities. Legend: CR, Cretaceous rifting phase (Late Kimmerian 
Orogenic); CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc 
System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent 
the age boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and 
recent. 
 
 
 
 
 
 
 
 
 
 
Figure  7.41: Total generated HC mass (MTons) and total expelled mass (Mtons). Legend: CR, Cretaceous 
rifting phase (Late Kimmerian Orogenic); CU, Cenomanian unconformity; SU, Santonian unconformity; LH, 
Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The 
vertical grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; 
Oligocene; Miocene; Pliocene; and recent. 
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Figure  7.42: Simulated burial history at location BED 2-1 and SIT 1-1 wells with the Hydrocarbon zone 
properties overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source 
interval of Kharita Formation through geologic time scale (Ma). 
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Figure  7.43: Simulated burial history at location SIT 4-1 well with the Hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source interval of Kharita 
Formation through geologic time scale (Ma). 
 
7.6.6 Dahab Formation 
7.6.6.1 Burial history 
Dahab Formation consists of greenish grey pyritic shale with siltstone, sandstone and limestone 
interbeds. It conformably rests on the Alamein Formation and overlain by the Kharita Formation. The 
Dahab member is relatively thick in the Alamein area with a maximum thickness of 174 m [RRI 1982]. 
The burial history of the Dahab Formation from deposition to present day is shown in Figure 7.45. The 
plot indicates the main features of deposition in the Abu Gharadig Basin. Dahab Formation sediment 
were deposited during Late Aptian age (~115.16-112.2 Mabp) as shown in (Figure 7.45). Its history 
consisted of continual deposition at relatively uniform rates. During Late Cretaceous times, tectonic 
activity increased drastically with a higher rate of displacement along the already existing faults, 
sometimes associated with lateral displacement [Macgregor 1998]. The Cretaceous-Tertiary tectonic 
activity corresponds to the EARLY ALPINE OROGENIC Phase, namely LARAMIDE tectonic events 
(~69.1-65 Mabp) and resulted in elevation and folding along an east–northeast west-southwest 
SYRIAN ARC SYSTEM and in the development of faults of considerable displacements [Hantar 1990]. 
The Dahab Formation sediments were raised to a shallower depth (2636m at BED 2-1 to 2888m SIT 
1-1 well). By the advent of the Late Paleocene (~56.5 Mabp) registered tectonic instability, 
characterized by active subsidence, resulted in a deposition of thick deep marine sediments of the 
Apollonia Formation (~56.5-39.6 Mabp). Dahab Formation reached a depth of 2921m (BED 2-1 well) 
to 3304m (SIT 1-1 well). By Middle-Late Eocene transition times a brief, strong event (~39.6-37 
Mabp) occurred, called PYRENEAN, which resulted in the EOCENE INVERSION PHASE. Many ~E-W 
striking extensional faults were reactivated as reverse faults in northern Egypt [El Toukhy et al. 1998]. 
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Figure  7.44: Corrected log character associated with litho-saturation crossplot and organic analysis of 
Cretaceous post-rift section, comparing the organic richness of Dahab Formation, organic-rich zone 
Dahab-S1 (Type III-kerogen, 1.32 wt.% TOC, 7.5 m thickness), at BED 2-1 well. 
 
The Dahab Formation was uplifted to a depth 2754m (BED 2-1 well) and 3158m (SIT 1-1 well). 
During Middle Miocene (~18 Mabp) Dahab Formation reached burial depths which range between 
3518m (at BED 2-1 well) to 4055m (SIT 1-1 well). The maximum burial of the Dahab Formation, 
varies in depth with a minimum burial depth recorded at 3518m (~17 Mabp) below sea level at BED 
2-1 well, the maximum burial depth of 4055m (~17 Mabp), at SIT 1-1 well. The present day depth of 
the Dahab Formation ranges between 3354m at BED 2-1 well to the deepest values at 3853 at SIT 1-
1 well (Figure 7.45). 
7.6.6.2 Maturity and hydrocarbon generation 
Dahab Formation was penetrated at two wells at depths range between 3354m at BED 2-1 well and 
3853 at SIT 1-1 well. The maximum penetrated recorded thickness of the entire Late Aptian Dahab 
Formation ranges from 20 to 25m at BED 2-1 well (Figure 7.44) and SIT 1-1 well, respectively. The 
shale interval of Dahab Formation recorded as a source rock interval at depth of 3354 m and 3853m 
with thickness of 7.5m and 25m at BED 2-1 and SIT 1-1 well, respectively (Figure 7.44). The Dahab 
shale Formation is reported as good organic-rich interval with highest TOC values of 1.32wt% and 1.8 
wt% with modeled vitrinite reflectance values of 1.0% and 1.06%. The maximum burial depth of 
3518m and 4055m at BED 2-1 well and SIT 4-1 well, respectively. It characterized by Early-mature 
type II-III kerogen interval, (Figures 7.5-7.8), assigned to a shale deposited under deltaic-continental 
environment, and normally considered to generate mainly gas. The relatively high hydrogen index 248 
mgHC/gTOC and slightly high oxygen index 174 mgCO2/gTOC indicate the presence of significant 
amount of oil generative lipid materials and confirm the kerogen as mix type II-III kerogen (Table 
7.1). The variation among samples is due to difference in organic matter type. The maximum bulk 
generation rate is 1.27 mgHC/gTOC/My to 1.346 mgHC/gTOC/My (Figure 7.46). The source rock 
interval of Dahab Formation at BED 2-1 well entered the oil windows close to the late Oligocene 
RWTH-Aachen University⎪Thermal Maturity Evaluation of Cretaceous Clastic Organic Rich Intervals; Results of 1D Basin 
Modeling Study, Abu Gharadig basin, Egypt⎪2008 
Institute Of Geology And Geochemistry Of Petroleum And Coal⎪Results and Discussion⎪209 
120 80 40 0
Age (Mabp)
4500
4000
3500
3000
2500
2000
1500
1000
500
0
B
ur
ia
l d
ep
th
 (m
)
                              Main tectonic events
4500
4000
3500
3000
2500
2000
1500
1000
500
0
B
ur
ia
l d
ep
th
 (m
)
PHASLHSUCUCR
O O
HC Zone depth (m)
BED 2-1 HC zone
SIT 1-1 HC zone
Burial depth (m)
BED2-1 Burial
SIT 1-1 Burial
Burial History and Hydrocarbon Zone
Dahab Formation
(~30.92 Mabp), whilst SIT 1-1 well is in the oil windows since ~36.63 Mabp (Late Eocene) (Figures 
7.45 and 7.49). The oil windows range between 3125m (~30.92 Ma) to 3192m (~36.63) at BED 2-1 
and SIT 1-1 well, (before the maximum burial reached), respectively. The present-day depth is also in 
the range in which a single-phase fluid (liquid) might be expected (Figures 7.45 and 7.49). The 
present-day simulated vitrinite reflectance values based on the calculation of [Sweeney and Burnham 
1990] ranges between 1.01 to 1.06% corresponds to a temperature range of 122°C at BED 2-1 well 
to 126°C at SIT 1-1 well, respectively (Figure 7.47). The liquid windows vitrinite reflectance is 0.54% 
which reached at Late Cretaceous “Coniacian” (~90Ma) BED 2-1 well corresponds to a temperature of 
96°C. Whereas encountered at (~88 Ma) SIT 1-1 well at temperature 97°C (Figure 7.47). The present 
day transformation ratio ranges between 10.26% at BED 2-1 well to 13.95% at SIT 1-1 well (Figure 
7.46). The maximum bulk generation rate ranges between 1.27 mgHC/gTOC/My (~26.3Ma Late 
Oligocene) at BED 2-1 well to 1.34 mgHC/gTOC/My at SIT 1-1 well (Figure 7.46). The present-day 
bulk generation ranges between 0.06 HC mass Mtons at BED 2-1 well to 0.08 HC mass Mtons at SIT 
1-13 well (Figure 7.48). There is no expulsion of the generated hydrocarbon (Figures 7.48). Rocks 
with lower percentages of organic carbon may not be able to expel the generated oil, possibly due to 
the adsorption of the hydrocarbon molecules on minerals [Littke et al. 1997]. The resultant low 
expulsion efficiency causes a preservation of hydrogen until gas is generated by cracking of the 
trapped bitumen at more elevated maturity stages [Littke and Leythaeuser 1993]. The remaining 
potential ranges between 86% and 89.74% at SIT 1-1 and BED 2-1, respectively. The generated 
hydrocarbon was mainly by primary cracking with small effect of secondary generation. The generated 
hydrocarbon accumulated in the source rock (adsorbed by the organic matter in the source).  
 
 
 
 
 
 
 
 
 
 
 
Figure  7.45: Simulated burial history of Dahab Formation, with the hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation for type II-III kerogen of [Pepper and Corvi 1995 a] for the source 
interval of Dahab Formation, through geologic time scale (Ma). Legend: CR, Cretaceous rifting phase 
(Late Kimmerian Orogenic); CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide 
Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical 
grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; 
Miocene; Pliocene; and recent. 
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Figure  7.46: Plot or the transformation ratio (percent) and the bulk generation rate (mgHC/gTOC/MY) for 
Dahab Formation. Legend: CR, Cretaceous rifting phase (Late Kimmerian Orogenic); CU, Cenomanian 
unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active 
subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries 
from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
Figure  7.47: Simulated vitrinite reflectance value and the associated thermal history of Dahab Formation.  
The vitrinite reflectance was calculated using the Easy%Ro algorithm [Sweeney and Burnham 1990] and 
temperature profile against geologic time scale (Ma). The source rock interval of (Dahab Formation) is 
mature with medium oil generation capacities. Legend: CR, Cretaceous rifting phase (Late Kimmerian 
Orogenic); CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc 
System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent 
the age boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and 
recent. 
 
 
 
 
 
 
 
 
 
 
Figure  7.48: Total generated HC mass (MTons) and total expelled mass (Mtons). Legend: CR, Cretaceous 
rifting phase (Late Kimmerian Orogenic); CU, Cenomanian unconformity; SU, Santonian unconformity; LH, 
Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The 
vertical grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; 
Oligocene; Miocene; Pliocene; and recent. 
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Figure  7.49: Simulated burial history at location BED 2-1 and SIT 1-1 wells with the Hydrocarbon zone 
properties overlay according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source 
interval of Dahab Formation through geologic time scale (Ma).. 
 
7.6.7 Alamein Formation 
7.6.7.1 Burial history 
The burial history of the Alamein Formation represents a time-depth history (Figure 7.50), from 
deposition to commonly present day. Alamein Formation sediments were deposited during Aptian age 
(~119.54 Mabp). Its history consisted of continual deposition at relatively uniform rates. During Late 
Cretaceous times, tectonic activity increased drastically with a higher rate of displacement along the 
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already existing faults, sometimes associated with lateral displacement [Macgregor 1998]. The 
Cretaceous-Tertiary tectonic activity corresponds to the EARLY ALPINE OROGENIC Phase, namely 
LARAMIDE tectonic events (~69.1-65 Mabp) and resulted in elevation and folding along an east–
northeast west-southwest SYRIAN ARC SYSTEM and in the development of faults of considerable 
displacements [Hantar 1990]. The Alamein Formation sediments were raised to shallower depth 
(2912m at SIT 1-1) and subjected to a period of erosion (Figure 7.50). By the advent of the Late 
Paleocene (~56.5 Mabp) tectonic instability, characterized by active subsidence, resulted in a 
deposition of thick deep marine sediments of the Apollonia Formation (~56.5-39.6 Mabp). The 
Alamein Formation reached a depth of 3329m (SIT 1-1 well). By Middle-Late Eocene transition times a 
brief, strong event (~39.6-37 Mabp) occurred, called PYRENEAN, which resulted in the EOCENE 
INVERSION PHASE. Many ~E-W striking extensional faults reactivated as reverse faults in northern 
Egypt [El Toukhy et al. 1998]. The Alamein Formation was uplifted to a depth of 3183m (SIT 1-1 
well). During Middle Miocene (~18 Mabp) Alamein Formation reached its maximum burial depth 
4080m (at SIT 1-1 well). The present day depth of the Alamein Formation 3904m met at SIT 1-1 well 
(Figure 7.50). 
7.6.7.2 Maturity and hydrocarbon generation 
The organic-rich interval, Alamein Formation, reported for an interval of 15m thickness, is organically 
good source rock. It is characterized by a high TOC value of ~1.4 wt% and early-mature-peak mature 
kerogen of a shale of shallow marine environment of deposition. The hydrogen index is 223 mg 
HC/gTOC and oxygen index is 82 mgCO2/g TOC, S1 is 6.58 mg/g Rock. This indicates the presence of 
significant amount of oil generative lipid materials and confirm the kerogen as type II, (Figures 7.5 
and 7.8), with a generation potential for liquid hydrocarbon (Table 7.1). The maximum bulk 
generation rate is 4.46 mgHC/gTOC/My during the Laramide tectonic events (Figure 7.51). Alamein 
Formation source contains Type II kerogen that is highly oil prone. The source rock entered the oil 
windows close to the late Cretaceous (Campanian ~ 75.36 Mabp). The oil window depth is at 3290m 
(~75.36 Mabp) at SIT 1-1 well (Figures 7.50 and 7.54). This means oil generation window reached 
before both maximum burial depth of 3688m during Cretaceous age and the Laramide events and 
after the deposition of the thick Khoman Formation (Figures 7.50 and 7.54). The present-day depth of 
the SITRA prospect is also in the range in which a single-phase fluid (medium oil) might be expected 
(Figure 7.54). The present-day vitrinite reflectance values based on the calculation of [Sweeney and 
Burnham 1990] in association with the present day depth (Figures 7.13 and 7.16), shows an increase 
in the vitrinite reflectance values to 1.08 % at SIT 1-1 well corresponds to a temperature of 127°C 
(Figure 7.52). The liquid windows vitrinite reflectance is 0.70% that reached at a temperature of 
117°C (Figure 7.52). At the Campanian, the transformation ratio was 18.28% and increased at the 
end of Paleocene to 36.84% and 57.42% at the end of Oligocene. Whereas the present day 
transformation ratio 61.79% at SIT 1-1 well (Figure 7.51). The maximum bulk generation rate varies 
with age with maximum value of 4.46 mgHC/gTOC/My (during the Laramide tectonic event) and 2.77 
mgHC/gTOC/My at the Campanian (Figure 7.51). The Paleocene showed a relatively high value of 2.4 
mgHC/gTOC/My and a relatively low value of 1.38 mgHC/gTOC/My due to the active subsidence at 
the Eocene which evidenced by the deposition of deep marine Apollonia Formation. During the 
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Inversion phase increased again to a value of 2.53 mgHC/gTOC/My with the present day value is 0.09 
mgHC/gTOC/My (Figure 7.51). The expulsion of the hydrocarbon mainly after the Inversion phase and 
increased due to the deposition of the Dabaa and Moghra formations. The oldest expulsion (~37 
Mabp Late Eocene) (Figure 7.53). The present-day bulk generation 0.06 HC mass Mtons at SIT 1-1 
well (Figure 7.53).  The expulsion was at a generation rate 1.49 mgHC/gTOC/My (~37 Ma) SIT 1-1 
well (Figure 7.53). The generated hydrocarbon 5.81% (41.66% medium oil and 14.15% dry gas). The 
expelled hydrocarbon 24.89% (19.89% medium oil and 5.01% dry gas) is lost in the migration 
pathways and therefore there is no hydrocarbon accumulated in the reservoir form the Alamein source 
rock interval. The rest of the generated hydrocarbon 30.92% (21.77% medium oil and 9.14% dry 
gas) are accumulated in the source rock (adsorbed by the kerogen). 
 
 
 
 
 
 
 
 
 
 
Figure  7.50: Simulated burial history of Alamein Formation, with the hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation for type II kerogen of [Pepper and Corvi 1995 a] for the source 
interval of Alamein Formation, through geologic time scale (Ma). Legend: CR, Cretaceous rifting phase 
(Late Kimmerian Orogenic); CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide 
Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical 
grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; 
Miocene; Pliocene; and recent. 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.51: Plot or the transformation ratio (percent) and the bulk generation rate (mgHC/gTOC/MY) for 
Alamein Formation. Legend: CR, Cretaceous rifting phase (Late Kimmerian Orogenic); CU, Cenomanian 
unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc System); AS, Active 
subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent the age boundaries 
from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and recent. 
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Figure  7.52: Simulated vitrinite reflectance value and the associated thermal history of Alamein Formation.  
The vitrinite reflectance was calculated using the Easy%Ro algorithm [Sweeney and Burnham 1990] and 
temperature profile against geologic time scale (Ma). The source rock interval of (Alamein Formation) is 
mature with medium oil generation capacities. Legend: CR, Cretaceous rifting phase (Late Kimmerian 
Orogenic); CU, Cenomanian unconformity; SU, Santonian unconformity; LH, Laramide Hiatus (Syrian Arc 
System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The vertical grid lines represent 
the age boundaries from left to right: Cretaceous; Paleocene; Eocene; Oligocene; Miocene; Pliocene; and 
recent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  7.53: Total generated HC mass (MTons) and total expelled mass (Mtons). Legend: CR, Cretaceous 
rifting phase (Late Kimmerian Orogenic); CU, Cenomanian unconformity; SU, Santonian unconformity; LH, 
Laramide Hiatus (Syrian Arc System); AS, Active subsidence; PH, Pyrenean Hiatus (Inversion Phase). The 
vertical grid lines represent the age boundaries from left to right: Cretaceous; Paleocene; Eocene; 
Oligocene; Miocene; Pliocene; and recent. 
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Figure  7.54: Simulated burial history at location SIT 1-1 well with the Hydrocarbon zone properties overlay 
according to the oil-gas kinetics equation of [Pepper and Corvi 1995 a] for the source interval of Alamein 
Formation through geologic time scale (Ma). 
 
7.7 CONCLUSIONS 
The first scenarios investigated were restricted to the available well locations and reflect their 
geological evolution through time. The multiple 1D model was calculated with “PetroMod 10.0 SP2” 
software, provided by IES. 
Khoman “B” member and Abu Roash “A” member are characterized by early mature source rocks with 
a tendency to produce oil. These organic rich intervals are considered as “potential source rock” and 
may become an effective source rock if sufficiently buried or subjected to an increasing heating rate. 
The maturity of Khoman “B” member is mainly dependent on the burial history which is emphasized 
by the deposition of the overlain thick Apollonia Formation of Eocene time. On the other hand, the 
maturity of Abu Roash “A” member is mainly dependent on the burial history that is emphasized by 
the deposition of the overlain Khoman Formation and the thick Apollonia Formation of Eocene time. 
Application of the petroleum kinetics equations for type II kerogen for Abu Roash “G” member, based 
on [Pepper and Corvi 1995 a] indicates that oil generation started around ~40.81 Mabp (at  BED 3-3 
well) to 22.73 Mabp (SIT 7-1 well). The oil window is below 2434m (~40.81 Mabp) and below 2699m 
(~22.73 Mabp) at BED 3-3 well and SIT 7-1 well, respectively. In BED concession, the oil generation 
started after both the Syrian Arc system tectonic events and deposition of Apollonia Formation and 
before both the inversion and the maximum burial. By contrast, at SIT 7-1 well, the oil generation 
started after the inversion phase and after the deposition of Moghra Formation. The present-day 
depth of the BED, SITRA prospect is also in the range in which a single-phase fluid (medium oil) might 
be expected. Abu Roash “G” member is characterized by early mature source rocks. It is considered 
as an “effective source rock” that has already generated hydrocarbons.  
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The oil generation of Bahariya Formation started around ~62 Mabp (BED 3-3 well) to 22.72 Mabp (SIT 
4-1 well). In BED concession, generation occurred after the Syrian Arc system and after the deposition 
of the thick Khoman Formation. In contrast, in SIT concession, generation occurred after the inversion 
phase and after the deposition of Apollonia Formation. The maturity of the Bahariya Formation 
depends mainly on burial history, which is influenced by the tectonic evolution of the area. This 
kerogen type II-III starts decomposing to oil at temperatures as low as 110°C. 
The Kharita Formation ranges in maturity between immature to early mature. The hydrocarbon 
generation depends mainly on burial history. The gas generation depth has not been reached over the 
entire area. The Late Miocene Styrian Hiatus stopped the generation at SIT 4-1 well and decreased 
the bulk generation rate to 0.1 mgHC/gTOC/My at BED 3-4 well. 
Wireline logs were used to evaluate source rocks of Dahab Formation if available calibrated with 
geochemical data. The oil generation started around ~36.63 Mabp (SIT 1-1 well) to 30.92 Mabp (BED 
2-1 well). This kerogen type II-III starts decomposing to oil at a temperature of 134°C. Oil generation 
is deeper for SIT 1-1 well and shallower for BED 2-1 well. This indicates that liquid generation window 
is mainly related to burial and time. Dahab Formation is characterized by early-mature source rocks 
with a tendency to produce both oil and gas and can be considered as “potential source rock”. It will 
form significant quantities of petroleum when its level of thermal maturity is sufficient due to deep 
burial. 
The oil generation of Alamein Formation started around ~75.36 Mabp, and expulsion at about ~37 
Mabp. The Alamein Formation source rock moved through the oil window. It is characterized by 
mature source rocks with a tendency to produce both oil and gas and considered as an “effective 
source rock” that has already generated and expelled hydrocarbons. This kerogen type II starts 
decomposing to oil at a temperature of 117°C. The maximum generation rate occurred during the 
Laramide tectonic events with expulsion after the Eocene Inversion phase. The hydrocarbon 
generation is mainly related to burial and tectonic evolution of the area. 
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8. SUMMARY AND OUTLOOK 
8.1 INTRODUCTION  
Combining the results of the 10 wells studied provides a comparison across the Abu Gharadig basin of 
the generation potential, and oil and gas expulsion with time. An evaluation of organic source facies 
and an extensive basin modeling study were carried out to improve the understanding of the 
petroleum charge of Abu Gharadig basin. Integrated 1D and 2D basin modeling was applied and led 
to a maturity model, using lithologic concepts, derived from well log analysis and available 
geochemical data. Generation of hydrocarbons, potential source rocks in the area, their expulsion, and 
migration were modeled across the area under investigation. The comprehensive integration of the 
geo-related data and the complete interpretation of the well logging, geochemical data and the result 
of well-calibrated 1D model explain the spatial hydrocarbon distribution within the Cretaceous 
reservoir intervals. Hydrocarbon occurrence in the Western Desert is closely linked with the tectono-
stratigraphic history of the area. The generation potential through time for different source rock 
intervals of Cretaceous age indicates that hydrocarbon generation is closely related to the geodynamic 
evolution of Abu Gharadig basin with different phases of generation depending on the different types 
of organic matter and the thermal maturity of each stratigraphic level. 
The following sections describe the effect of geodynamic basin evolution and their influence on 
petroleum habitats of Abu Gharadig basin as consequence of integration of the available geo-related 
data and the well-calibrated model. A final interpretation that explains the distribution of the 
hydrocarbon occurrences in relation to the tectonic evolution of Abu Gharadig basin is given. 
8.2 GEODYNAMIC EVOLUTION 
8.2.1 Burial history 
Cretaceous sediments were deposited continuously until ~121 Mabp when a brief, Cretaceous rifting 
phase occurred. This rifting was followed by renewed subsidence until a new period of uplift occurred 
(~100-99 Mabp). This uplift was followed by renewed subsidence until a depositional hiatus was 
reached at ~95-93 Mabp. The hiatus persisted until ~93 Mabp, when subsidence commenced again 
with deposition of Late Cretaceous sediments of Abu Roash and Khoman formations. The Khoman 
Formation represents a period of maximum subsidence.  
The rapid deposition of the Khoman Formation during the Maastrichtian contrasts with slow Eocene 
subsidence. There is a rather uniform Eocene subsidence and comparatively greater variability of Late 
Cretaceous subsidence. The sediment and water load above the horizon of interest in a sedimentary 
basin causes isostatic effects so that the total subsidence is made up of a tectonic driving force 
component (due to extensional force acting on the lithosphere), thermal effects (due to changes in 
the lithosphere heat flow), and the response of the lithosphere due to the load of sediment. In the 
Abu Gharadig basin, the fault-controlled and rapid early subsidence history created coarse, non-
marine, alluvial and fluvial sediments during the Jurassic and Cretaceous rifting phases. Continued 
rifting and associated subsidence eventually led to inundation of the basin by the sea. Later stages of 
rift basins are characterized by a marine transgression and progressively finer-grained and deeper-
water marine sediments, as the subsidence exceeds the sediments supply. The basin contains rift to 
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post-rift mega-sequences with duration of 3 Ma for Jurassic and ~2.5 Ma for Cretaceous rifting 
phases, with syn-rift tectonic subsidence and exponentially decreasing post-rift tectonic subsidence 
due to thermal relaxation. 
8.2.2 Thermal history 
There has been progressive decay of the thermal pulse associated with continental rifting, especially 
over the past 100 Mabp. During the burial of the sediments, their thermal conductivities have altered 
as the rock compacted. The boundary conditions have also changed. The Abu Gharadig basin was 
created by stretching and thinning of the continental lithosphere. Both tectonic and thermally induced 
forces will initially act in concert, but in opposite directions. The subsidence creates space for early 
syn-rift sediments to be deposited. Because the lithosphere thinned and the base of the lithosphere, 
the 1330°C isotherm, has been elevated, the heat flow through the crust and mantle are higher than 
they were prior to stretching. A high heat flow peak has been modeled to provide the high 
temperatures in the Cretaceous rifting phase. The modeled heat flow values during the Jurassic rifting 
phase reached a maximum value of 75 mW/m2, whereas that for the Cretaceous rifting phase is 70 
mW/m2. Stretching of the continental lithosphere produced a rapid subsidence followed by an 
exponentially decreasing post-rift subsidence due to thermal relaxation. Subsidence in sedimentary 
basins causes thermal maturation in the progressively buried sedimentary layers. The cooling includes 
contraction and thus further subsidence, which creates more space for the post-rift sediments to be 
deposited. The Jurassic rifting phase was followed by background heat flow values of 55 mW/m2, 
whereas Cretaceous rifting was followed by average heat flow of 52-53 mW/m2. 
The main heat flow decline may result from the decay of a sub-lithosphere transient thermal 
perturbation associated with tectonogenesis of granite. The age of the granite is ~615 Mabp (i.e. only 
40 Ma prior to onset of sedimentation) with a modeled basal heat flow of 60 mW/m2. Thus, the 
majority of the cooling proposed in the model took place prior to the sedimentation of the Paleozoic 
sediments. Therefore, most subsidence resulting form this cooling took place early, which explains the 
regular subsidence of the Paleozoic sediments, over granite. 
8.2.2.1 Present heat flow 
The present Heat flow ranges from 45-48.5 mW/m2, with the higher values occurring in BED 3-10 
well. Areas of present heat flow maxima are generally coincident with the distribution of basement 
relief and/or high conductivity basement. Higher heat flow values were modeled at BED 2-1 where 
thin basin-fill sediment occurs, whereas the lower values were modeled for the BED 3-3 where thick 
basin-fill sediment is present. The higher heat flow is explained by the uplift followed by erosion, 
which provides an additional 4-6 mW/m2 above the background of 48-55 mW/m2. Heat is refracted 
away from regions of thick sediment cover and preferentially channeled through areas of elevated 
basement. An additional 15 mW/m2 was produced by conductivity contrasts in basement. 
Sedimentation rate (ignoring the effect of compaction) can reduce the observed heat flow. The 
magnitude and depth of the effect depend on the rate and duration of sedimentation. 
8.2.2.2 Uplift 
Erosion results in an upward movement of rocks in relation to a reference point on the surface. 
Therefore, erosion increases the observed heat flow. Surface heat flow increases by an amount 
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dependent upon the elapsed time and rate of erosion. The paleo-temperature profile suggested that 
heating was caused primarily by burial rather than by local magmatic or fluid flow effects. 
8.2.2.3 Late Eocene inversion 
Inversion was modeled with an “instantaneous emplacement” approach: the duration of the inversion 
process is “brief” (~39.6-37 Ma) and a sawtooth-shaped temperature profile is created (i.e. an 
extreme temperature inversion). The thrusting is rapid compared to the rate of thermal equilibration, 
affecting organic maturation by causing important perturbations in subsurface temperatures. Paleo 
temperatures were high at different periods during the geologic time of the area, with different 
cooling intervals, that may have been caused by flow decline. To reach an agreement between 
measured and calculated vitrinite reflectance data, it is necessary to vary the basal heat flow. The 
preferred scenario is based on the assumption that heat flow during the Mesozoic increased, related 
to continuing dilatation movement and crustal thinning. In the Tertiary, lower heat flows prevailed. 
8.3 HYDROCARBON HABITAT 
Information on the petroleum system distribution (Figure 8.1), in the northern Western Desert (Abu 
Gharadig basin) in terms of stratigraphic levels, reservoir, pay zones, and organic facies are discussed 
in the following:  
8.3.1 Source rocks and maturity  
Khoman “B” member and Abu Roash “A” member are characterized by early mature source rocks with 
a tendency to produce liquid hydrocarbons. These organic-rich intervals are considered as “potential 
source rock” and may be become effective source rocks if sufficiently buried or subjected to an 
increasing heating rate. The maturity is mainly dependent on the burial history that is emphasized by 
the deposition of the overlaying thick Apollonia Formation of Eocene time. On the other hand, the 
maturity of Abu Roash “A” member is also dependent on the deposition of the Khoman Formation as 
well as the thick Apollonia Formation (Table 8.1). These organic-rich intervals, Khoman “B” member 
and Abu Roash “A” member, are characterized by early-mature-mature type II kerogen assigned to 
shale sequences of a marine depositional environment, respectively. The organic-rich interval of the 
Abu Roash “A” member entered the oil window, at a depth of 2363 m, close to the Middle Miocene, 
which was reached after the maximum burial depth. The present-day depth of the Abu Roash “A” 
member is also in the range in which a single-phase fluid (medium oil) might be expected. All 
generated hydrocarbons accumulated in the source rock with no expulsion.  
The second organic-rich interval, Abu Roash “F’ member, is a limestone sequence of open marine 
depositional environment, that is characterized by mature–peak mature type I-type II kerogen with an 
excellent generation potential for liquid hydrocarbons and possibly gas by secondary cracking. It is 
considered as an active “effective source rock” that has already generated and expelled hydrocarbons. 
The simulations show differences in burial, thermal history and maturity for the principal tectonic 
events, and in consequence, differences in generation potential, liquid, and gas expulsion with time. 
While the Abu Roash “F” member generated some gas (condensate) around the Late Cretaceous-
Tertiary in BED concession, it was completely in the liquid generation stage in the SIT concession. The 
source rock in BED concession entered the oil windows close to the late Cretaceous (Maastrichtian). 
Previous studies based on consideration of oil maturity windows have implied, that Abu Roash “F” 
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organic-rich intervals are currently mostly in the oil window [Bayoumi 1996], and may have reached 
the peak of generation during the Middle Eocene [Abu El Ata and Mansour 1991]. However, results of 
the present study indicate that the major generation occurred since the Late Cretaceous up to Late 
Eocene. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  8.1: Two dimensional map showing the spatial distribution of organic-rich intervals encountered in 
the addressed well based on petrophysical analysis accompanied by geochemical Rock-Eval Pyrolysis, 
TOC and the vitrinite reflectance data. 
 
The organic-rich interval, Abu Roash “G” member, is characterized by immature to early-mature type 
II kerogen, assigned to a shale sequence that was deposited in a shallow marine environment, and 
with a great capacities to generate liquid hydrocarbons. It is considered as an “effective source rock” 
that has already generated hydrocarbons. In Abu Roash “G” member oil generation started since the 
Middle Eocene in BED concession and since Early Miocene in SIT concession. In BED concession the 
oil generation occurred after both the Syrian Arc system tectonic events and deposition of Apollonia 
Formation and before both the Eocene inversion phase and the maximum burial. On the other hand, 
in SIT concession, the oil generation occurred after the Eocene inversion phase and after the 
deposition of Moghra Formation. There is no or little expulsion of the generated hydrocarbons due to 
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the accumulation of generated hydrocarbons in the source rock. The present-day depth of the BED, 
SITRA prospect is also in the range in which a single-phase fluid (medium oil) might be expected. 
 
Table  8.1: Summary of hydrocarbon potentiality of the Cretaceous source rock intervals. 
Formation Item BED Concession SIT Concession 
  2-1 3-3 3-4 3-10 17-1 1-1 4-1 5-1 7-1 
 Max. Burial       2197   
Khoman -B Expulsion       -   
 Maturity       E.   
 Max. Burial       2479   
 OWD       2362   
Abu Roash -A OWT        16.3   
 Maturity       M.   
 Max. Burial  3348  3312 3099 2798 2646   
 OWD  2131  2671 2270 1722 1776   
Abu Roash -F OWT   65.79  68.09 38.59 62 37   
Type II-S (A) Expulsion  57  59 29.24 26.3 7.7   
 Maturity  M.  M. M. M. M.   
 Max. Burial  3348   3099 2798 2646   
 OWD  2030   2170 2085 2270   
Abu Roash -F OWT   61.69   34.58 34.61 27.41   
Type II (B) Expulsion  35.6   18 7.7 -   
 Maturity  M   M M M   
 Max. Burial 2406 3488     2769  2987 
 OWD  2434     -  2699 
Abu Roash -G OWT   40.81     -  22.73 
 Maturity I. M.     I.  M. 
 Max. Burial  2298 3631    2983 3362  
 OWD  2438 2465    2799 2680  
Bahariya OWT   62 62    22.72 32.93  
 Maturity  M. M.    M. M.  
 Max. Burial 2953  3799   3312 3165   
Kharita Expulsion -  -   - -   
 Maturity I.  E.   I. I.   
 Max. Burial 3518     4055    
 OWD 3125     3192    
Dahab OWT  30.92     36.63    
 Maturity M.     M.    
 Max. Burial      4080    
 OWD      3290    
Alamein OWT       75.36    
 Expulsion      37    
 Maturity      M.    
OWD: Oil Window Depth; OWT: Oil Window Time; I. Immature; E. Early-mature; M. Mature; Maximum burial at (~17 Mabp). 
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The Bahariya Formation is characterized by early-mature type II and III kerogen, assigned to shale 
that was deposited under shallow marine conditions. The oil generation of Bahariya Formation started 
since the Early Paleocene in BED concession and since the Early Miocene in SIT concession. In BED 
concession, generation occurred after the Syrian Arc system and after the deposition of the Thick 
Khoman Formation. In contrast, in SIT concession, generation started after the Eocene inversion 
phase and after the deposition of Apollonia formation. This Kerogen type II-III starts decomposing to 
oil at a temperature as low as 110°C. The present-day depth of the BED, SITRA prospect is also in the 
range in which a single-phase fluid (medium oil) might be expected. There is no expulsion of the 
generated hydrocarbon predicted. The hydrocarbons accumulated in the source rock. 
The Kharita Formation is another good source rock. It is characterized by immature type III kerogen 
and mixed type II and type III kerogen intervals. It is assigned to shale that was deposited under 
fluvio-deltaic conditions, and is normally considered to generate mainly gas. The Kharita Formation 
contains Type II and Type II-III kerogen that is highly oil and gas prone. The source rock in BED 3-4 
well was early mature since the Late Oligocene after the deposition of the Moghra Formation. 
The Dahab shale Formation is reported as another good source rock. It is characterized by early-
mature type II-III kerogen, assigned to shale deposited in a deltaic-continental environment, and 
normally considered to generate mainly gas. The oil generation of Dahab Formation started since Late 
Eocene in the SIT concession to Early Oligocene westwards. The present-day depth is also in the 
range in which a single-phase fluid (liquid) might be expected. Dahab Formation is characterized by 
early-mature source rocks with a tendency to produce both oil and gas and considered as “potential 
source rock”. It will form significant quantities of petroleum when its level of thermal maturity would 
be increased. 
The Alamein Formation is early-mature-mature containing type II kerogen in shales of shallow marine 
environment of deposition with generation capacities for liquid hydrocarbons. The oil generation of 
Alamein Formation started since the Late Cretaceous and expulsion in the Late Eocene. It is 
characterized by mature source rocks with a tendency to produce both oil and gas and considered as 
an “effective source rock” that has already generated and expelled hydrocarbons. This kerogen type II 
starts decomposing to oil at a temperature of 117°C (for oil). The present-day depth of the SITRA 
prospect is in the range in which a single-phase fluid (medium oil) might be expected. The maximum 
generation occurred during the Laramide tectonic events with expulsion after the Eocene inversion. 
The expulsion of the hydrocarbons occurred mainly after the inversion phase and increased due to the 
deposition of the Dabaa and Moghra formations. The oldest expulsion is predicted for the Late 
Eocene. Part of the generated hydrocarbons are expelled and lost in the migration pathways and 
therefore there is no hydrocarbon accumulated in the reservoir form the Alamein source rock interval.  
8.3.2 Reservoir rocks 
The Cretaceous sand and sandstone reservoirs belong to different stratigraphic levels starting from 
Albian Kharita sands, Early Cenomanian Bahariya sands, and Turonian Abu Roash "C", and "G" sands.  
Reservoir rocks are more likely in thee Cretaceous post-rift succession of Abu Roash “C and G” 
members, (oil-bearing zone) with effective porosity ranging between 12% and 22%, a clean sand 
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zone to shaly sand zone with volume of shale in the range of 10% to 12%. The water saturation 
ranges between 32% and 42%. 
Sandstones of Bahariya Formation are the main gas and/or condensate-producing horizon. The 
sandstone interval of Bahariya formation represents the most important reservoir interval. There are 
three different reservoir zones at three different stratigraphic levels. The first upper Reservoir interval 
is called BAH-R1, located at different depth ranges. In BED concession, this reservoir zone is a gas-
bearing reservoir. In contrast, in SIT concession it is oil-bearing. The effective porosity varies between 
14% and 28%; the volume of clay reaches a maximum of 10%. The water saturation ranges between 
12% and 47%. The second middle reservoir interval is either oil-bearing zone or gas bearing. The 
effective porosity is at 16% to 24% with low clay volume, whereas the water saturation ranges 
between 14% and 49%. A third localized reservoir interval of the gas-bearing zone is located 
northeast with total effective porosity of 22%, low clay volume and 13% water saturation.  
Kharita Formation provides a major oil/gas reservoir in the Badr El Din concession. The sandstone of 
the Kharita Formation is the second most important reservoir interval in the area. There are two 
reservoir intervals; the uppermost zone is mainly gas bearing and in certain locality oil-bearing. The 
average effective porosity is 15% and the volume of shale reaches a maximum value of 9%. The 
water saturation of these reservoirs ranges between 8% and 18%. The second reservoir interval is 
drilled at a single location with 12% effective porosity and 3% volume of clay and 12% water 
saturation; it is a gas-bearing reservoir.  
8.3.3 Seal rocks 
The reservoir intervals are generally sealed by local intra-formational shale (Abu Roash “C &G” 
members, Bahariya Formation and Kharita Formation). Compact limestone and dolomite beds of 
Cretaceous (Abu Roash “B” member) and Eocene age can be efficient cap rocks. The shale and 
carbonate intervals of the Abu Roash Formation are effective vertical and lateral seals. In the 
northeastern part, particularly at BED 17-1 well a shale interval of 55m thickness seals the underlying 
oil-bearing reservoir of Abu Roash “C” member, zone AR-C-R1. In BED concession, the shale interval 
of Abu Roash “G” member acts as an active seal. The thickness ranges between 6 m and 14 m. At 
BED 2-1 well an about 6 m thick interval seals the underlying oil-bearing interval of zone AR-G-R1. 
The shale interval of Bahariya Formation represents a good seal for the reservoir intervals. The 
thickness ranges between 7 m to 165 m. southward and westward seal properties with 3 m to 41 m 
are recorded, respectively. On the other hand, in the northeast the lower part of Bahariya formation is 
a good seal interval with total thickness of 41 m. The shale sequence of Kharita formation is 
considered as a seal rock at BED concession with thickness in the range of 9 m to 20 m. 
8.3.4 Traps 
The hydrocarbons discovered in the Western Desert have been drilled as a structural prospect, either 
in the form of three or four-way closure structures or as a fault block structures. The structure 
elements were the main factors determining the trapping of oil in almost all of the discoveries. Syrian 
Arc-related structural trends form the bulk of the productive traps discovered in the Western Desert 
[Dolson et al. 2001]. Most of the existing oil fields are located at the intersections between NW and 
NE trending fault systems [Sultan and Abd El Halim 1988]. However, in some fields stratigraphic 
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elements in hydrocarbon trapping are evident in the pinching out of some sand pays in the 
Cenomanian–Turonian sequences, as well as in the facies changes from clastic to carbonates. 
8.4 CONCLUSIONS 
In all 1D models, the present-day heat flow is in accordance with temperature data and corrected 
bottom hole temperatures from wells. Best accordance between measured and calculated present-day 
temperatures was achieved with present-day heat flows in the range of 43-49 mW/m2. Lowest 
present-day heat flow values were modeled for well BED 3-3 (due to rapid sedimentation or deep-
seated basement) and highest values for well BED 2-1 (the basement is at shallower depth). The 
results of the 1D simulations show the differences in burial, thermal and maturity history for the 
principle tectonic events. The following thermal regime for Abu Gharadig basin is proposed based on 
combined measured vitrinite reflectance (VRr%) and present-day corrected static bottom hole 
temperatures: 1) paleo-temperature profile was highest at ~209-203 Mabp (the Jurassic rifting 
phase), with cooling prior to ~121 Mabp, cooling caused by heat flow decline; 2) paleo-temperature 
profile increased during the Cretaceous rifting phase. This thermal scheme has been implemented in 
the 1D model, applying higher heat flows from ~121 to 119 Mabp; and 3) paleo-temperature profile 
relatively increased during the Late Eocene inversion phase, applying higher heat than the background 
heat flows from ~39-37 Mabp, declining to background till 2-5 Mabp.  
Appling a basin modeling makes it possible to synthesize the four dimensional controls on source, 
reservoir and seal rock distribution, the master tectonic mechanisms, and the chronometric control on 
source rock maturation, migration and trap formation and the petroleum systems. Petroleum potential 
therefore is influenced not only by the complex distribution of source, seal and reservoir rocks, but 
also by the effects of burial, uplift and erosion, which all undergo rapid variations in time and space. 
Modeling oil generation requires determining the exposure time that a source rock experiences at 
varying temperature with burial. If sufficient residual kerogen remains, increased temperature as 
result of the combined effect of Tertiary deposition and elevated temperature in the Late Tertiary may 
lead to late–stage oil expulsion of mature source rock intervals and maturation of early mature ones in 
favorable parts of Abu Gharadig basin. Much of the oil generated by source rocks never reached a 
reservoir. It remains disseminated throughout the source rock matrix, and/or it is dispersed along 
secondary migration pathways. 
The small reserves are probably a reflection of limited trap volume as well as inefficient migration 
focusing. Small fields are presumably a result of post-charge tilting and spillage from once larger 
accumulations. There are two main types of reservoir transformations that can affect crude oils: 1) 
biodegradation, and 2) thermal cracking. Biodegradation is the bacterial alteration of crude oils and 
appears to take place only at temperatures of less than 70°C, and requires a supply of meteoric water 
containing dissolved oxygen and nutrients (primarily nitrates and phosphates). Most oils, however, will 
be reasonably stable at reservoir temperature below about 80°C. At high temperatures (>160°C), oil 
cracking reactions proceed so rapidly that an oil accumulation may be destroyed within a geologically 
short period of time.  On the other hand, a reservoir above 120°C will contain normal oil only if the oil 
is a recent arrival. In the Abu Gharadig basin, the reservoir temperature based on well-calibrated 1D 
model reached more than 80°C since Late Cretaceous. This inhibited the biodegradation effect.  
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Diffusion also can play a role in destroying reservoired gas accumulations by loss through the cap rock 
[Leythaeuser et al. 1982]. Gas accumulations have only a limited life in terms of the geologic time 
scale. Either existing gas fields may have geologically young accumulation ages, or they may be able 
to persist through periods of geologic time only if there was continuous replenishment by additional 
gas generation in the source rocks. Prior to inversion, migration is usually directed away from the site 
of the future trap. Inversion may switch off new generation. Thus the charge into the inversion trap 
must be from re-migrated oil [Allen and Allen 2005]. 
The timing and location of the generation and expulsion of hydrocarbons is directly controlled by the 
resulting thermal history, while the subsequent migration and accumulation of hydrocarbons and 
mineral-bearing fluids are significantly influenced by the structural history. Differences in hydrocarbon 
phase (oil and gas accumulation) productivity in Cretaceous-reservoired petroleum systems of the Abu 
Gharadig Basin appear to be related to migration and entrapment style and post-charge destructive 
processes. Trapping effectiveness is often limited by across-fault seals, because of higher-amplitude 
structures and greater fault displacements with more frequent across-fault juxtaposition of reservoirs 
against younger sands. 
However, geochemical and burial history considerations indicate that the oil and gas trapped must be 
migrated from the deeper kitchen in Abu Gharadig Basin or resourced from a pre-Cretaceous mature 
source rock. Therefore, the different hydrocarbon phase distribution in the area is explained as result 
of recent charge or migration due to seal efficiency and fault juxtaposition. In addition, a principle of 
multi fill and spill is suggested as well. Oil is the first petroleum fluid to migrate from an oil-prone 
source rock and it will displace water downward from the crest of the trap where its buoyancy is 
arrested by the seal. Subsequently, gas will migrate into the trap, if conditions for gas generation are 
favorable, and gas will displace the oil downward. The first petroleum fluid to spill will be oil, later 
followed by gas when all the oil is displaced and the trap is filled with gas. The oil and later gas will 
migrate to other traps up dip from the spill point of the original trap in a “fill and spill” arrangement, 
with the fluid composition determined by the displacement timing of the fluids beyond the spill point. 
In this way, gas will fill traps at deeper levels than oil. 
Recent work has shown the importance of the mid-Jurassic oil-prone coal petroleum system in 
charging the oilfields and gas fields around the Shushan and Matruh Basins in NW Egypt [Keeley et al. 
1990; Bagge and Keeley 1994]. The Jurassic section, particularly Masajid Formation is believed to be 
the main contributing source for oil in the area and the Khatatba source is the main gas source. The 
carbonate-prone Masajid Formation contains black marine shales that form locally thick source rocks 
in the Western Desert. Non-marine facies which contain carbonaceous shales and coal of the Khatatba 
Formation, are also considered proven source-rock facies [Dolson et al. 2001]. The Alam El Bueib 
Formation contains proven marine carbonate source rocks [Dolson et al. 2001] and seems largely to 
be gas prone. Possible source rocks are limestone and shale of Carboniferous Dhiffah Formation, and 
shale of both Carboniferous Disouqy Formation and Middle Devonian Zeitoun Formation. Essentially 
gas-prone are instead mudstones/shales in the Dhiffah, upper Bahrein, the lower Khatatba, Alam el 
Bueib, Kharita and Bahariya Formation. 
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8.5 RECOMMENDATIONS 
Based on the result obtained from the well-calibrated model of Abu Gharadig Basin, if is possible to 
extend our model to un-calibrated sections such as the Jurassic and Paleozoic to investigate the 
potentiality of the pre-Cretaceous section, especially with the recent promising discoveries in the 
Jurassic sequence. In addition, simulating the relationship between hydrocarbon column heights and 
seal breakthrough and source rock tracking seems to be necessary, throughout the entire generation 
and migration processes and then identified in each accumulation. Further exploration success in Abu 
Gharadig Basin appears to be controlled by several factors, including thick source rock development, 
maturity of source rocks, and timing of generation relative to trap formation and possible destruction 
of oil during inversion events. A successful prospect appraisal requires modelling the entire process of 
hydrocarbon generation, expulsion, migration, trapping and preservation. Basin modeling is strongly 
recommended especially in this area with the certain limitation of the seismic investigation such as: 1) 
Low acoustic impedance contrast, due to presence of shale/sand sequence make the identification of 
the stratigraphic horizons on the seismic section relatively difficult; 2) Due to low acoustic impedance 
contrast, a pseudo structure appears on the seismic section that may not actually exist. In 
consequence, obvious structures in the time domain may not exist in the depth domain, and real 
structures in the depth domain may not exist in the time domain and thus be invisible on seismic 
data; 3) the heterogeneity in the lithology distribution, fluid distribution, and pressure (overpressure) 
distribution will cause heterogeneity in the velocity field. Such velocity heterogeneity needs to be 
understood to make a detailed conversion between two-way time and depth; and 4) the complicated 
structure with faults that rejuvenated many times through the geologic history makes the 
determination of fault throw and magnitude difficult to determine. 
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